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ABSTRACT
Intranasal drug delivery is a promising route for drug delivery directly to the brain 
for acute or chronic treatments. A direct route to the brain offers a rapid approach 
to delivering drugs to the central nervous system without using the parenteral route. 
Carmustine is a nitrosourea used to treat brain tumors, multiple myeloma, lymphoma, 
and Hodgkin’s disease but its use is limited by a very little half-life in the body fluids. The 
nanoparticles have shown great potential to overcome problems related to shorten shelf 
life. The present study aims to develop a nose-to-brain delivery system for Carmustine 
to prevent degradation and prolong it’s bioavailability at the target site. It has shown 
that the nanoparticles have uniform size and shape and were found to be 231±21.2 nm 
with 0.128 PDI. The system has stabilized with sufficient surface charge and the zeta 
potential of the system was found to be -21.2±2.3 mV. After 24 h, cumulative drug 
release from the prepared system was found to be the maximum release of around 
96.69±3.38 in the phosphate buffer pH 6.8.
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INTRODUCTION
The World Health Organization (WHO) 
estimates that 35% of  diseases in Europe 
are brain disorders.1 Neurodegenerative, 
cerebrovascular, and cancerous illnesses are 
the most prevalent neurological c1onditions. 
However, only 5% of  the over 7000 drugs 
in the comprehensive medicinal chemistry, 
treat brain diseases, mainly sadness, 
schizophrenia, persistent agony, and 
epilepsy.2-3 Most of  these drugs require 
an improvement in their penetration into 
the brain. More than 98% of  small drugs 
never reach the brain, which is true for 
almost all large drugs.2 This discouraging 
circumstance is due to the brain’s structure, 
adverse reactions, and the blood-brain 
barrier’s impenetrability (BBB) and blood-
cerebrospinal fluid barrier (BCB).
Nanocarriers have emerged as one of  
the most promising candidates for drug 
delivery due to their target-specific controlled 
drug release, biocompatibility, surface 

modification, and encapsulation of  diverse, 
active molecules, including drugs, peptides, 
genes, and vaccines.4 To facilitate the 
provision of  beneficial drugs towards 
the brain, pharmaceutical manipulation, 
disruption of  the brain barriers, and other 
methods involving nanocarriers are being 
utilized. Intranasal drug delivery offers 
an alternative to the parenteral route 
for direct delivery to the brain for acute 
and chronic treatments.5 Moreover, non-
invasive method of  administering drugs 
via intranasal administration with minimal 
systemic exposure to drugs, results in fewer 
toxic effects and better patient compliance.6

Carmustine (CRM), a nitrosourea is used 
to treat brain tumors, multiple myeloma, 
lymphoma and Hodgkin’s disease.7-8 
Besides, higher volume of  distribution, 
it rapidly metabolizes after intravenous 
administration with a plasma half-life of  29 
min.9 Therefore, the present study aims to 
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develop a nose-to-brain delivery system for Carmustine 
to prevent degradation and prolong its half-life at the 
targeted site.
Because of  its potential to form NPs, micelles, 
and microspheres, as well as its biocompatibility, 
biodegradability, and tolerability, PLGA is a widely 
studied polymer.10 PLGA NPs can be required to 
develop controlled-release dosage forms of  small-
molecule medicines, peptides, and nucleic acids as drug 
delivery vehicles.11 PLGA NPs have been shown to be 
promising carriers for drug administration across the 
BBB after suitable copolymerization with PEG and 
surface modification with linkers. Furthermore, PLGA 
degrades into non-toxic compounds (H2O and CO2) 
that are excreted from the body. PLGA is mixed with 
polyethylene glycol (PEG) to generate PLGA–PEG 
copolymer NPs to overcome its short half-life.12-13 
Opsonization of  the NPs is inhibited by PEGylation. 
PEG has mostly been used as a major polymer in 
copolymer synthesis to improve PLGA efficiency, reduce 
mechanical strength, and increase degradability. The use 
of  these copolymers reduces drug toxicity, improves 
therapeutic efficacy, and improves drug delivery to the 
brain across the blood–brain barrier.14

MATERIALS AND METHODS
Materials

Carmustine drug was a gift sample from Emcure 
Pharmaceuticals Ltd. in India, and PLGA and PEG 
6000 were procured from Sigma Aldrich. Chemdyes 
Corporation Rajkot provided all of  the chemicals 
utilized, which were of  analytical grade (Gujarat). The 
Milli-Q® (Millipore, Bangalore, India) water was used 
throughout the study.

Methods
Drug Excipient Compatibility Studies

An FTIR study was conducted to find out the interaction 
and compatibility of  drug with the excipients. The FTIR 
spectrum depicts the fingerprint regions representing 
corresponding functional groups in the compound.15 
The samples of  drug and drug with the same proportion 
of  excipients were kept for compatibility study at room 
temperature for one month. The standard spectrum 
of  drug was then compared with the IR spectrum of  
samples after one-month study.

Synthesis of PLGA-PEG Conjugates

By coupling PEG diamine with activated PLGA, the 
PLGA-PEG diblock copolymer was formed by amide 
linkage method.16 Dicyclohexylcarbodiimide was used to 

activate the carboxyl-terminal end of  the PLGA using 
N-hydroxysuccinimide. PEG-6000 diamine was then 
conjugated to the N-hydroxysuccinimide of  the PLGA 
via amide linkages. The formed PLGA-PEG conjugate 
was then precipitated and purified by the continuous 
treatment with cold methanol and ethanol respectively.17

Preparation of PLGA-PEG Nanoparticles

The emulsification solvent evaporation method was used 
to prepare drug-loaded PLGA-PEG nanoformulations 
(CRM- PLGA-PEG-NPs) (Table 1).17 The emulsion was 
formed by the addition of  an organic phase containing 
PEG-PLGA polymer with the drug in acetone to the 
aqueous phase having 1% Polyvinyl alcohol (PVA) as 
a surfactant. The o/w emulsion was then sonicated 
at 50 amplitudes for 60 sec. (Cole- parmer 750-watt 
Ultrasonic Homogenizer) to reduce the size of  the 
globules in nanometric. The formed nanoparticles were 
stirred (800 rpm) for 12 hr at ambient temperature to 
allow for removal of  the organic solvent by the process 
of  evaporation. By ultracentrifugation, the nanoparticles 
were purified at 30,000g for 15 min and washed thrice 
with deionised water.18

Transmission Electron Microscopy (TEM)

TEM was used to determine the nanostructure of  
CRM-PLGA-PEG nanoparticles (TECNAI-G2, 200 
kV, HR-TEM, FEI, Netherlands). A diluted solution of  
nanoparticles was placed on a sheet of  paraffin, then 
a carbon grid was placed on top of  the sample for 1 
min, after which it was coated with a drop of  phosphor 
tungstate for 10 sec. and air-dried before TEM 
examination.19-20

Particle size, PDI and Zeta Potential

The particle size and size distribution of  the CRM-
PLGA-PEG nanoparticles were investigated using a 
Zeta sizer (Nano ZS 90, Malvern Instruments, UK) at 
a fixed angle of  90 degrees at 25°C. Before analysis, 
the nanoparticle dispersion was diluted with millipore 
water to achieve a measuring speed of  50-200 kilo 
counts per second (kcps). Zeta potential measurements 
were performed at 23 V/m electric field strength in an 
electrophoretic cell. The Helmholtz–Smoluchowski 
equation was used to compute the zeta potential.21 

Determination of Encapsulation Efficiency and 
Loading Capacity of Nanoparticles

A spectrophotometric determination of  the amount 
of  unentrapped drug at 280 nm was performed on 
the supernatant after centrifugation of  nanoparticulate 
dispersion at 20,000 rpm for 30 min to estimate drug 
entrapment.22-23 The following equations were used 
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to calculate the drug encapsulation efficacy (AE) and 
loading capacity (LC) of  nanoparticles: 

% AE= [(A-B)/A] ×100

% LC= [(A-B)/C] ×100

Where A represents the quantity of  drug, B represents 
the quantity of  free drug, and C represents the weight 
of  Nano formulations.

Thermal Analysis

TGA was used to determine the thermal stability of  the 
CRM-PLGA-PEG nanoparticles. The samples of  drug 
and nanoparticles were subjected to thermal analysis 
in TGA (Linseis STA PT 1000, Germany) by heating 
at a heating rate 15°C/min and a temperature between 
30°C-700°C, under nitrogen purge. TGA thermograms 
were obtained by correlating the differences in an initial 
and final weight reduction of  samples of  drug and drug 
in nanoparticles respectively.23-24

FTIR Analysis

The synthesis of  PLGA-PEG conjugates and the 
encapsulation of  drug in the system were confirmed 
using FTIR spectroscopy. It provides vital information 
about drug-polymer interactions and the fate of  drug 
in the body. FTIR was used to study the FTIR spectra 
of  Carmustine and CRM-PLGA-PEG nanoparticles 
(Shimadzu, India).

In vitro Release Study

A dialysis bag diffusion method was used to estimate 
how much drug is released from CRM-PLGA-PEG 
nanoparticles (Yang et al. 2019). A dialysis bag (Sigma 
Aldrich molecular weight cut of  12 kDa) was filled with 
a 2 ml suspension of  CRM-PLGA-PEG nanoparticles 
equivalent to 5 mg of  carmustine, tied at both ends, and 
suspended in 50 ml of  phosphate buffer saline (pH-7.4). 
The antioxidant ascorbic acid (200 µg/mL) was added.24 
Throughout the method, the nanoparticle was agitated 
at 50 rpm, and the temperature was kept at 37±0.5°C. 
0.5 mL of  samples were extracted and reconstituted 
with the same volume of  phosphate buffer saline at 
different time intervals (pH-7.4). Spectrophotometric 
measurements of  drugs were performed at 280 nm 
using a Shimadzu UV-1601 (Japan).

Stability Studies

An evaluation of  the stability of  the formulation and 
the effect of  environmental factors over time may be 
carried out, which determines the product’s shelf  life.25 
It ensures the preparations stays within its predefined 

limits for a prescribed length of  time. Moreover, it 
provides a detailed understanding of  physicochemical 
changes that leads to formation of  toxic degradants 
which in turns reduces efficacy and increased toxicity. 
Therefore, the stability studies of  CRM-PLGA-PEG 
nanoparticles were carried out after storing them 
at specific temperature and humidity conditions as 
per ICH stability guidelines for three months.26 In 
turns, particle size, polydispersity index, and residual 
drug concentration were evaluated for stability of  
nanoparticles.27

RESULT AND DISCUSSION
Transmission Electron Microscopy (TEM)

The surface morphology of  CRM-PLGA-PEG 
nanoparticles were investigates using TEM and 
depicted in Figure 1. It confirms the spherical shape and 
homogeneity of  formed nanoparticles. Although the 
particles were smooth and showed no signs of  rupture, 
they were highly consistent. hey were all separate, with 
no signs of  aggregation.

Particle Size and PDI Measurement

The stability of  the nanoparticles and their effect 
through the body is significantly affected by the particle 
size of  the system. The particle size of  the optimized 
CRM-PLGA-PEG nanoparticles were estimated using 
zeta sizer and found to be 231±21.2 nm which was also 
confirmed by TEM image (Figure 3). Moreover, the 
less polydispersity index values i.e. 0.128 confirms the 
homogeneity of  the nanoparticles.

Zeta Potential

The Zeta potential of  the nanoparticulate system 
was found to be -21.2±2.3 mv (Figure 2), a negative 
surface charge on the particles is because of  the 
presence of  negative functional groups of  the PLGA-

Figure 1: TEM photomicrograph of optimized CRM-PLGA-PEG 
nanoparticles.
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PEG conjugate. The high zeta potential prevents 
agglomeration by generating repulsive forces which 
stabilize the nanoparticulate system.28 

Entrapment efficiency, Loading capacity

In formulation development, entrapment efficiency and 
loading capacity are important parameters. The CRM-
PLGA-PEG nanoparticles has of  46.74±3.2% and 
54.6±2.7% entrapment efficiency and loading capacity, 
respectively. 

FTIR Analysis

The FTIR spectrum (Figure 4) of  drug and CRM-
PEG-PLGA nanoparticles were evaluated for the major 
functional groups and to confirm the encapsulation 
of  the drug in the nanoparticulate system. The FTIR 
spectrum of  nanoparticles shows the peak of  amide 
linkage which is characteristic peak of  PLGA-PEG 
conjugation (Table 2). Also, the peaks of  major functional 
groups of  pure drug was altered significantly indicating 
encapsulation of  the drug in the nanoparticulate system.

Thermal Analysis

The study into the thermal behaviour of  plain drug 
and optimized CRM-PLGA-PEG nanoparticles was 

studied and depicted in Figure 5. The percent weight 
reduction in samples heated to 600°C were recorded 
and compared with initial weight. Figure 4 illustrates the 
weight reduction effects of  plain drug and CRM-PLGA-
PEG nanoparticulate system. From the thermogram it 
was observed that the rate of  percent weight reduction 
of  plain drug was higher as compared to the drug in 
nanoparticles which might be due to the encapsulation 
of  drug into the nanoparticles.

In- vitro Release Study

The amount of  drug release from PLGA-PEG 
nanoparticles was estimated using the dialysis bag 
diffusion technique. After 24 hr, cumulative drug release 
from PEGylated NPs formulations showed a maximum 
release of  about 96.69±4.6 % in the phosphate buffer 
pH 6.8. Figure 6 shows the cumulative % drug release 
from nanoparticles and plain drug. The drug release was 
found to be slower and prolonged in the nanoparticulate 
system as compared to plain drug which was released 
completely within 12 hr. The significant difference in 
drug release was the evident for the improvement of  

Figure 2: Zeta Potential of Carmustine.

Figure 3: Particle size Zetasizer report.

Figure 4: FTIR spectrum of (a) Carmustin (b) Physical mixture 
of Chitosan-carmustine nanoparticles.

Figure 5: Thermal Analysis of Nanoparticles.
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therapeutic concentration of  drug for prolong time 
and therefore can increase the bioavailability of  drug at 
target site.

Stability Studies

The stability of  drug-loaded CRM-PLGA-PEG nano
particles was assessed for three months at refrigerated 
storage (5 ± 2°C) and accelerated storage (25 ± 2°C) 
storage as per ICH guidelines. After three months of  
storage at 25± 2°C and 5± 2°C temperatures, CRM-
PLGA-PEG nanoparticles showed no significant 
change in particles size, PDI, and entrapment efficiency. 
This might be due to the PLGA-PEG conjugates is 
said to be very versatile and stable polymer which 
ensures the stability of  encapsulated drug from various 
environmental changes.

CONCLUSION
The effect of  formulation variables on the performance 
of  Carmustine-loaded PLGA-PEG conjugates for 
Nose to Brain Targeting was studied in this work. 
FTIR analysis confirmed that the PLGA-PEG diblock 
copolymer was synthesized via an amide linkage. PLGA 
is mixed with polyethylene glycol (PEG) to synthesize 
PLGA–PEG copolymer NPs to overcome its short 
half-life. The use of  these copolymers reduces drug 
toxicity, improves therapeutic efficacy, and improves 
drug delivery to the brain across the blood–brain 
barrier. The nanoparticles have the desired properties 
like particle size, zeta potential, and drug release 
characteristics. The pharmacokinetic properties of  the 
drug such as Cmax, half-life, and AUC have also been 
improved as a result of  controlled-release targeted drug 
delivery. As a result, the present drug delivery systems 
have the dual benefit of  extending controlled drug 
release while also increasing drug bioavailability at the 
target site. Furthermore, positive results from stability 
studies indicate that the present innovative delivery 
method has long-term storage potential. Direct brain 
targeting may provide a rapid way to deliver Carmustine 
from the nose to the brain. The findings showed that 
the drug delivery mechanism used in this investigation 
could be an effective non-invasive method for increasing 
Carmustine access to the brain.
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ABBREVIATIONS
PLGA: poly (lactic-co-glycolic acid); PEG: polyethylene 
glycol; nm: nanometer; PDI: polydispersity index; 
mv: millivolt; hr: hour; ºC: degree centigrade; 
WHO: world health organization; BBB: Blood brain 
barrier; BCB: Blood cerebrospinal fluid barrier; CRM: 
Carmustine; min: minute; FTIR: Fourier Transform 
Infrared Spectroscopy; NPs: nanoparticles; o/w: oil in 
water; sec: second; UK: united kingdom; V/m: volt per 
meter; rpm: revolution per minute; AE: encapsulation 
efficacy; LC: loading capacity; TGA: thermogravimetry; 
ml: milliliter; mg: milligram; TEM: Transmission 
electron microscopy; cm: centimeter.

Figure 6: In-vitro percent cumulative drug release.

Table 1: Formulation table of Nanoparticle.

Sl. No Material F-1 F-2 F-3

1 Polymer Concentration  
(PEG-PLGA) (mg/ml) 5 10 15

2 Drug Concentration 
(CARMUSTINE) (mg/ml) 0.5 1 2

3 Ratio of solvent to Water 0.1 0.3 0.5

Table 2: Wave number of functional groups of  
Carmustine.

Sl. No. Wave number Carmustine Functional 
group

1 1100-1200 cm-1 C=H

2 1200-1300 cm-1 COO- (carboxylic acids)

3 1300-1400 cm-1 C-N

4 1400-1450 cm-1 COO- (carboxylic acid)

5 1500-1600 cm-1 -

6 1600-1650 cm-1 -

7 1750-1730 cm-1 C=O



Potdar, et al.: Carmustine Loaded PLGA-PEG Conjugates for Nose to Brain Delivery

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 4 | Oct-Dec, 2022� 1081

REFERENCES
1.	 WHO. Neurological Disorders public health challenges. WHO Library 

Cataloguing-in-Publication Data; 2006.
2.	 Musumeci T, Ventura CA, Giannone I, Ruozi B, Montenegro L, Pignatello R,  

et al. PLA/PLGA nanoparticles for sustained release of docetaxel. Int J Pharm. 
2006;325(1-2):172-9. doi: 10.1016/j.ijpharm.2006.06.023, PMID 16887303.

3.	 Mazumder S. Synthesis and characterization of drug-containing, 
polysaccharide-based nanoparticles for applications in oral drug delivery; 
2013.

4.	 Lotfipour F, Abdollahi S, Jelvehgari M, Valizadeh H, Hassan M, Milani M. 
Study of antimicrobial effects of vancomycin loaded PLGA nanoparticles 
against enterococcus clinical isolates. Drug Res (Stuttg). 2014;64(7):348-52. 
doi: 10.1055/s-0033-1358747, PMID 24307271.

5.	 Potdar MB, Jain NK. RS and PK. A study on the nose to brain drug delivery 
system. Int J Pharm Sci Res. 2022;13(2):569-78.

6.	 Mainardes RM, Evangelista RC. PLGA nanoparticles containing praziquantel: 
Effect of formulation variables on size distribution. Int J Pharm. 2005;290(1-
2):137-44. doi: 10.1016/j.ijpharm.2004.11.027, PMID 15664139.

7.	 Weiss RB, Issell BF. The nitrosoureas: Carmustine (BCNU) and lomustine 
(CCNU). Cancer Treat Rev. 1982;9(4):313-30. doi: 10.1016/s0305-
7372(82)80043-1, PMID 6762924.

8.	 Damaj G, Cornillon J, Bouabdallah K, Gressin R, Vigouroux S, Gastinne T,  
et al. Carmustine replacement in intensive chemotherapy preceding reinjection 
of autologous HSCs in Hodgkin and Non-hodgkin lymphoma: A review. Bone 
Marrow Transplant. 2017;52(7):941-9. doi: 10.1038/bmt.2016.340, PMID 
28112752.

9.	 Rider BJ. Health T, orleans N. Carmustine. 2007:1-4.
10.	 Zhi, Kaining et al. “PLGA Nanoparticle-Based Formulations to Cross the Blood-

Brain Barrier for Drug Delivery: From R&D to cGMP.” Pharmaceutics vol. 13,4 
500. 6 Apr. 2021, doi:10.3390/pharmaceutics13040500 

11.	 Kamaly, N., Yameen, B., Wu, J., and Farokhzad, O.C. 2016. Degradable 
controlled-release polymers and polymeric nanoparticles: mechanisms of 
controlling drug release. Chemical Reviews 116, 2602–2663.

12.	 Jusu, S.M., Obayemi, J.D., Salifu, A.A., Nwazojie, C.C., Uzonwanne, V., 
Odusanya, O.S., and Soboyejo, W.O. 2020. Drug-encapsulated blend of 
PLGA-PEG microspheres: In vitro and in vivo study of the effects of localized/
targeted drug delivery on the treatment of triple-negative breast cancer. 
Scientific Reports 10, 1–23.

13.	 Zhang, K., Tang, X., Zhang, J., Lu, W., Lin, X., Zhang, Y., Tian, B., Yang, H., 
and He, H. 2014. PEG–PLGA copolymers: Their structure and structure-
influenced drug delivery applications. Journal of Controlled Release 183, 
77–86.

14.	 Khalil, N.M., do Nascimento, T.C.F., Casa, D.M., Dalmolin, L.F.,  
de Mattos, A.C., Hoss, I., Romano, M.A., and Mainardes, R.M. 2013. 
Pharmacokinetics of curcumin-loaded PLGA and PLGA–PEG blend 
nanoparticles after oral administration in rats. Colloids and Surfaces B: 
Biointerfaces 101, 353–360.

15.	 Balan V, Mihai C-T, Cojocaru F-D, Uritu C-M, Dodi G, Botezat D, et al. 
Vibrational spectroscopy fingerprinting in medicine: From molecular to clinical 
practice. Materials. 2019;12(18):2884. doi: 10.3390/ma12182884.

16.	 Esmaeili F, Ghahremani MH, Ostad SN, Atyabi F, Seyedabadi M,  
Malekshahi MR, et al. Folate-receptor-targeted delivery of docetaxel 
nanoparticles prepared by PLGA–PEG–folate conjugate. J Drug Target. 
2008;16(5):415-23. doi: 10.1080/10611860802088630, PMID 18569286.

17.	 Aggarwal S, Gupta S, Pabla D, Murthy RSR. Gemcitabine-loaded PLGA-
PEG immunonanoparticles for targeted chemotherapy of pancreatic cancer. 
Cancer Nanotechnol. 2013;4(6):145-57. doi: 10.1007/s12645-013-0046-3, 
PMID 26069510.

18.	 Fazil M S, Haque S, Kumar M, Baboota S, Kaur Sahni J, et al. Development 
and evaluation of rivastigmine loaded chitosan nanoparticles for brain 
targeting. Eur J Pharm Sci 2012;47(1):6–15.

19.	 Wang J, Wang H, Xia Q. Ubidecarenone-loaded nanostructured lipid 
carrier (UB-NLC): Percutaneous penetration and protective effects against 
hydrogen peroxide-induced oxidative stress on HaCaT cells. Int J Mol Sci. 
2018;19(7):1865. doi: 10.3390/ijms19071865, PMID 29941831.

20.	 Zhuang CY, Li N, Wang M, Zhang XN, Pan WS, Peng JJ, et al. Preparation 
and characterization of vinpocetine loaded nanostructured lipid carriers (NLC) 
for improved oral bioavailability. Int J Pharm. 2010;394(1-2):179-85. doi: 
10.1016/j.ijpharm.2010.05.005, PMID 20471464.

21.	 Patil KD, Bagade SB, Bonde SC. In-vitro and ex-vivo characterization of novel 
mannosylated gelatin nanoparticles of linezolid by quality-by-design approach. 
J Drug Deliv Sci Technol. 2020;60. doi: 10.1016/j.jddst.2020.101976, PMID 
101976.

22.	 Yu S, Xu X, Feng J, Liu M, Hu K. Chitosan and chitosan coating nanoparticles 
for the treatment of brain disease. Int J Pharm. 2019;560:282-93. doi: 
10.1016/j.ijpharm.2019.02.012, PMID 30772458.

23.	 Oza G, Pandey S, Mewada A, Kalita G, Sharon M, Phata J, et al.  
Facile biosynthesis of gold nanoparticles exploiting optimum pH and 
temperature of fresh water algae Chlorella pyrenoidusa. Adv Appl Sci Res. 
2012;3(3):1405-12.

24.	 Kolodziejczyk AA, Kim JK, Svensson V, Marioni JC, Teichmann SA. 
The technology and biology of single-cell RNA sequencing. Mol Cell. 
2015;58(4):610-20. doi: 10.1016/j.molcel.2015.04.005, PMID 26000846.

25.	 Muthu Madaswamy FS-S. E ditorial Pharmaceutical stability aspects of 
nanomedicines E ditorial. Futur. Med. 2009:857-60.

26.	 ICH. Q1A R2. Stability testing of new drug substances and products. Geneva: 
ICH. 2003.

27.	 Agrawal YO, Mahajan UB, Agnihotri VV, Nilange MS, Mahajan HS,  
Sharma C, et al. Ezetimibe-loaded nanostructured lipid carrier based 
formulation ameliorates hyperlipidaemia in an experimental model of high fat 
diet. Molecules. 2021;26(5):1485. doi: 10.3390/molecules26051485, PMID 
33803259.

28.	 Pal P, Dave V, Paliwal S, Sharma M, Potdar MB, Tyagi A. Phytosomes—
nanoarchitectures’ promising clinical applications and therapeutics. 
Nanopharmaceutical Adv Deliv Syst. 2021:187-216.

SUMMARY

Due to their target-specific controlled drug delivery, biocompatibility, surface functionalization, and encapsulation 
of different, active molecules like as drugs, peptides, genes, and vaccines, nanocarriers have emerged as one of 
the most promising possibilities for drug delivery. Furthermore, non-invasive drug administration by intranasal 
administration with less systemic exposure to pharmaceuticals, resulting in fewer adverse effects and improved 
patient compliance. To design a nose-to-brain Carmustine delivery system that will avoid degradation and extend 
the half-life of the drug at the target site. Drug-capsulated PLGA-PEG nanoformulations were prepared using the 
solvent evaporation method, and the formulated nanoparticles were evaluated using TEM, particle size, PDI and 
zeta potential, encapsulation efficiency and loading capacity, FTIR, in-vitro release study, and stability studies. 
The developed nanoformulations had the requisite size, zeta potential, and drug release characteristics, as well 
as the ability to be stored for long periods of time.
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