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Abstract: Intranasal drug delivery has emerged as a promising non-invasive route for targeting the central nervous system, 
bypassing the blood-brain barrier and minimizing systemic side effects. Recent advancements in nanotechnology-based intranasal 
delivery systems have shown potential to enhance drug bioavailability, improve brain targeting, and overcome limitations 
associated with conventional delivery methods. Various nanocarrier systems, including liposomes, solid lipid nanoparticles, 
polymeric nanoparticles, and dendrimers, possess unique properties applicable to nose-to-brain drug delivery. The anatomical 
and physiological considerations of the nasal cavity, particularly the olfactory and trigeminal nerve pathways, provide direct routes 
to the brain. Biocorona formation on nanoparticles significantly impacts drug pharmacokinetics and distribution. Different 
nanocarrier systems offer distinct advantages and limitations, particularly in enhancing drug solubility, mucoadhesion, and cellular 
uptake. Stimuli-responsive and targeted nanocarriers have shown promise for improved spatiotemporal control of drug release. 
However, challenges remain in translating these nanotechnology-based approaches from bench to bedside, including toxicity 
concerns, scalability, and regulatory considerations. The current state of nanotechnology in intranasal drug delivery presents 
exciting opportunities for advancing CNS therapeutics through this innovative route. 
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1. Introduction 

Nowadays, nasal drug delivery has drawn a lot of attention due to its practical, promising, and dependable method of systemic drug 
administration, particularly for oral medications that are ineffective and injectable medications [1]. This pathway circumvents the 
first-pass metabolism, has a large surface area, a porous endothelium membrane, high total blood flow, and is easily accessible. 
Furthermore, due to the lack of pancreatic and stomach enzymatic activity as well as interference from the gastrointestinal tract, the 
nasal mucosa is permeable to more chemicals than that of the gastrointestinal tract [2]. Lipophilic medications are typically effectively 
absorbed via the nasal canal, and their pharmacokinetic profiles are often the same as those obtained after intravenous injection. In 
many situations, their bioavailability is close to 100%.[3] The nasal canal provides a direct route for nose-to-brain medication 
distribution via the olfactory and trigeminal pathways. The nasal mucosa's strong vascularization facilitates rapid drug absorption 
and allows for potential dose reduction through better brain targeting.[4] 

Nasal mucus is necessary for the administration and absorption of drugs.Mucin, a protein found in mucus, can bond with solutes, 
altering the diffusion process. Nasal administration and absorption across the mucosa utilize a variety of methods, including 
paracellular and transcellular pathways [5]. Intranasal medication administration in neurological illnesses has received a lot of interest. 
However, attaining targeted drug delivery to specific areas of interest remains difficult due to various parameters, including the 
drug's physicochemical qualities, experimental circumstances, and anatomical and structural characteristics [6]. The volume to be 
delivered is the most critical factor to consider for achieving optimum bioavailability. Illum et al. found that the brain had very low 
bioavailability (0.1-1%), relative to the amount of medication supplied orally or through other routes.[7] 

The development of DDS based on nanotechnology is a promising alternative for distributing medications through the NR, 
including macromolecules and even cleavage-prone pharmaceuticals.[8] Nanotechnology-based modified delivery has gained 
popularity as a solution to problems with compliance and restricted bioavailability from the nasal cavity, depending on the drug's 
physicochemical qualities and the physiological parameters of the human nose. Furthermore, it has numerous advantages for treating 
chronic human diseases through target-oriented delivery-specific therapy. [9-11] Nanocarriers such as nanoparticles, nanoemulsions, 
liposomes, and solid lipid nanoparticles have been studied for delivering a wide range of therapeutic agents via the intranasal route 
because they provide benefits such as stability, increased drug solubility, improved drug bioavailability, targeted delivery, and 
controlled release. Drug distribution to the brain through the nose route's trigeminal and olfactory pathways can be significantly 
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enhanced by nanocarriers. These carriers can pass the nasal mucosa and enter the cerebrospinal fluid. This review attempts to 
provide light on the role of nanocarriers in nose-to-brain medication delivery[12]. 

2. Background 

2.1. Anatomy of nasopharyngeal tract 

Understanding the architecture and physiology of the nasal canal is critical for designing an IN drug delivery formulation based on 
nanotechnology and determining the channels through which molecules must pass through the mucosal membrane.[13] The nasal 
cavity is lined with epithelial mucosa, separated into two symmetrical halves by the septum (Figure 1), and extends posteriorly to 
the nasopharynx.[14] 

 

Figure 1. Intranasal drug delivery 

2.2. Pathways in the intranasal route of drug administration 

The variability in nasal shape across individuals poses significant challenges to the development of reliable medicine delivery systems 
from the nose to the brain. The nasal cavity's complicated structure, which includes changes in the thickness of the mucosal lining, 
surface area, and airflow patterns, influences the dependability and effectiveness of medicine absorption and delivery to the brain 
[15]. There are three probable avenues for drugs to enter the brain via the nasal cavity: (i) indirect or systemic pathways via the 
respiratory portion of the nasal cavity; (ii) olfactory pathway via olfactory neurons; and (iii) trigeminal pathway. The indirect pathway 
involves medication absorption from the pulmonary epithelial area directly into the bloodstream. From here, the medicine can be 
delivered to the site of action, and it may even enter the brain. 

2.3. Nasal route for drug delivery 

The limited distribution of therapeutic drugs significantly impairs the systemic therapy of many central nervous system (CNS) 
illnesses, including depression, epilepsy, schizophrenia, and migraine. Deprived CNS access is mostly connected with discriminatory 
barricades that separate the CNS from the circulatory system. By using nasal delivery methods based on nanotechnology and the 
olfactory area, this barrier is removed. The olfactory section, which can be located in the upper remote divisions of the nasal 
channels, indicates the potential for specific medication molecules to cross the blood-brain barrier and permeate into the brain. [16] 
Following nasal administration, peptides and proteins can enter the brain via the olfactory bulb and trigeminal pathways, bypassing 
the blood-brain barrier [17,18]. 

The marketed nasal treatments containing CNS drugs have the potential for direct delivery to the brain and cerebrospinal fluid. In 
light of this, the combination of systemic absorption and direct transfer to the CNS via the olfactory area or trigeminal neurons is 
responsible for the increased bioavailability of CNS drugs following nasal delivery. Figure 2 shows the many possibilities for 
medication absorption following nasal delivery. 
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Figure 2. Absorption of medication following nasal delivery 

2.4. Advantages and disadvantages of nasal drug delivery 

The respiratory and olfactory regions of the nasal cavity present distinct advantages and limitations for drug delivery. The respiratory 
region offers a highly porous, vast surface area for non-surgical drug administration, allowing rapid absorption and direct brain 
delivery while bypassing the blood-brain barrier.[19] However, limitations include particle size constraints and limited space for 
high-concentration medicines, as well as poor CNS penetration for peptides and proteins. The olfactory region provides a minimally 
invasive method for direct administration to the inflamed brain, enabling the use of minimum therapeutic doses. Limitations in this 
region include enzymatic inactivation of drugs by nasal enzymes, necessitating small medication quantities (less than 200 μL) , poor 
protein delivery to the brain, and potential membrane disruption by high surfactant concentrations. 

2.5. Therapeutic applications of nose to brain drug delivery 

Nose-to-brain delivery systems have shown promising potential in treating a wide range of neurological and psychiatric disorders. 
This innovative approach has been explored for conditions such as epilepsy, where direct brain targeting can enhance anticonvulsant 
efficacy. In depression and schizophrenia, intranasal delivery of psychotropic medications may offer rapid onset of action and 
improved therapeutic outcomes. For acute conditions like stroke, this route provides a potential means for quick intervention and 
neuroprotection. In neurodegenerative disorders such as Parkinson's Disease, nose-to-brain delivery systems can facilitate the 
transport of dopaminergic agents directly to affected brain regions. Moreover, this approach holds promise for various other CNS 
and neurological disorders, offering a non-invasive method to bypass the blood-brain barrier and deliver therapeutic agents more 
effectively to the central nervous system.[1,4,9] 

3. Nanotechnology for nose to brain delivery 

Nanocarriers, such as nanoparticles and liposomes, offer significant advantages in improving drug administration from the nose to 
the brain. These carriers excel in pharmaceutical encapsulation, stability, and precision delivery to specified targets. Their small size 
facilitates efficient transportation along the nasal mucosa, increasing surface area contact and enhancing drug absorption [20]. This 
enhanced delivery route can improve brain drug absorption while lowering the required dose, consequently reducing systemic side 
effects. Nanoparticle-based formulations for nose-to-brain drug delivery devices demonstrate potential in improving neurological 
disorder therapies by enhancing bioavailability and limiting systemic toxicity. Various types of nanotechnology that are delivered 
from the nose to the brain are shown in Table 1. 
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Table 1. Types of nanotechnology used for nose to brain delivery 

S.No Types of 
Nanoparticles 

Characteristics 

1) Liposomes Phospholipid bilayers are the basis of liposomes, 
which are lipid-based nanoparticles. 

2) Nanoemulsions Surfactants stabilize oil-in-water or water-in-oil 
dispersions, which are known as Nanoemulsions. 

3) Nanostructured Lipid 
Carriers(NLCs) 

Lipid-based carriers, known as NLCs, consist of a 
liquid lipid matrix and a solid lipid core. 

4) Solid Lipid 
Nanoparticles (SLNs) 

Solid lipids make up SLNs, which stabilize 
medications inside their matrix. 

5) Polymeric Nanoparticles 
 

The biocompatible polymers used to make these 
nanoparticles include chitosan and PLGA. 

6) Magnetic Nanoparticles magnetically-active nanoparticles. 

7) Dendrimers 
 

Proteins with a tree-like branched structure. 

3.1. Lipid based nanoparticles 

They are solid structures called lipid nanoparticles, which offer a cool alternative to other types of nanoparticles—like polymeric 
ones, nanogels, & nanoemulsions. The size of these lipid nanoparticles is super tiny too! They can be anywhere from 1 to 1000 
nanometers in size[29].Since the surface of these solid lipid nanoparticles is made from safe lipids and surfactants, people generally 
say they’re okay for our bodies. Common lipids include things like triglycerides, monoglycerides, diglycerides, fatty acids, & 
waxes[30]. These lipid nanoparticles are really useful—like special delivery systems! They help get past some issues we see with 
polymeric nanoparticle systems. We have two generations to consider here! Solid lipid nanoparticles, also known as SLNs, are the 
first generation. Then comes the second generation with nanostructured lipid carriers (NLC)[31] The NLCs are great because they 
solve some problems found in the first generation. Their lipid matrix is really good at stopping breakdown after delivery and keeping 
proteins stable too.[32] 

Drug delivery systems utilizing lipid-based nanoparticles have been the subject of extensive research. Because these NPs are 
amphiphilic, they can transmit components that are hydrophilic and hydrophobic inside a single particle [33]. Similar to the lipids 
found in the cell membrane, lipids used in lipid-based carriers are biocompatible and biodegradable. These characteristics lessen 
their toxicity and enable them to enter cells with efficiency. These lipid-based NPs are frequently altered using polymers like 
poloxamers or polyethylene glycol (PEG). PEG is a biocompatible, hydrophilic polymer that stabilizes nanoparticles [34] 

3.2. Liposomes 

One of the most popular lipid-based NPs for drug delivery applications is liposomes. A liposome normally consists of one or more 
phospholipid bilayers, frequently combined with additional lipids like phosphatidylcholine or cholesterol. The size and surface 
charge of liposome membranes can be changed by utilizing different kinds of lipids. For example, hydrophilic (located inside the 
aqueous core) or hydrophobic (located inside the lipid membrane) active substances can both be included in neutral or slightly 
negatively charged liposomes. On the other hand, negatively charged nucleic acid and positively charged liposomes can create 
multiplexes [35-39]  

3.3. Solid Lipid nanoparticles 

The more recent class of lipid-based nanocarriers are known as solid lipid nanoparticles (SLNs), which are lipid emulsions in which 
a solid lipid has taken the place of a liquid lipid. Their diameter ranges from 100 to 300 nm, and they form a solid lipid matrix. They 
usually consist of physiological lipids in water or aqueous surfactants [40].SLNs offer several benefits for drug delivery, including 
great physical stability, increased, controlled release of loaded medicines, and the capacity to be manufactured without the need for 
organic solvents. The main disadvantages of SLNs are their inflexible form, which limits the effectiveness of drug loading 
(particularly for hydrophilic molecules) and causes unwanted particle growth through agglomeration, which might result in the drug's 
burst release [41,42] 

3.4. Nanostructured lipid carriers 

A more modern class of lipid-based NPs designed to address the drawbacks of SLNs are called nanostructured lipid carriers, or 
NLCs. Because NLCs contain a blend of liquid and solid lipids, they increase drug loading and inhibit the drug's burst release [40]. 
The twofold emulsion method (w/o/w) and high-pressure homogenization are commonly used to create NLCs [43]. Higher 
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encapsulation efficiency can be attained with hydrophobic compounds because they are more soluble in liquid lipids than in solid 
lipids. Reduced encapsulation efficiency for a combination of two or more therapeutic agents and comparatively limited drug loading 
capacity for hydrophilic pharmaceuticals are some of NLC's drawbacks [44] 

3.5. Nanoemulsions  

Three phases make up the micelles that comprise nanoemulsions: an oily phase, an emulsifier, and an aqueous phase. There are 
three distinct types of nanoemulsions: bi-continuous (inter-dispersed water and oil domain), water in oil (sometimes called 
"reversed" micelles), and oil in water. [45]Particularly for lipophilic medications, nanoemulsions can increase the drug's stability and 
bioavailability while increasing drug absorption through a larger surface area from nano-sized droplets [46]. It can, however, result 
in poor stability and the release of the encapsulated molecules during storage since it is thermodynamically unstable [47] 

3.6. Polymeric nanoparticles 

3.6.1. Natural Polymer-Based Nanoparticles 

Numerous nanoparticles have been created using chitosan (CS). Insects and crustaceans are made of chitin, which is deacetylated 
to produce N-acetyl-D-glucosamine, which is the polysaccharide known as chitosan [48]. With a pKa of roughly 6.5, chitosan gets 
protonated in situations with an acidic pH.Because mucus has a pH of 5.5 to 6.5, chitosan is positively charged, which promotes its 
stability [49,50]. Chitosan-based NPs extend the bioavailability of the encapsulated medication for the brain by remaining longer in 
the olfactory and respiratory mucosa since both the respiratory and olfactory epitheliums are negatively charged. Furthermore, it 
functions as an enhancer of permeation, aiding in the opening of tight junctions between epithelial cells and facilitating the 
paracellular transfer of materials. 

3.6.2. Synthetic Polymer-Based Nanoparticles 

Drug delivery methods have been developed using synthetic polymers on a large scale. Numerous of these polymers are 
biocompatible and biodegradable, which makes them excellent N2B delivery vehicles. Poly(L-lactide-co-glycolide) (PLGA), 
poly(lactic acid) (PLA), and poly(glycolic acid) (PGA) are the most commonly utilized polymers. Because of their hydrophobicity, 
they are utilized to promote hydrophobic drug loading and stop medications from degrading in the nasal cavity [51,52]. These 
polymer-based nanoparticles use single or double-emulsion methods to encapsulate pharmaceuticals [53]. Similar to lipid-based 
liposomes, PEG or poloxamers are frequently used to modify the surface of polymeric nanoparticles to improve their stability, drug 
loading, and capacity to pass through nasal mucus [54].) 

3.7. Dendrimers 

Dendrimers belong to the class of polymeric NPs, but what sets them apart from other polymers is their altered structure. These 
are big, single-weight, three-dimensional molecules with a structure made up of nuclei, repeating units, and different functional 
groups like COONa, COOH, and NH2. [56] Different forms of dendrimers, including polyamidoamine (PAMAM), carbosilane, 
poly-l-lysine (PLL), and polypropylene-imine (PPI), exist because of the chemical makeup of the core and branches. It is possible 
to manage the form, size, polydispersity, and specified surface structure (hydrophilic or lipophilic, charged or neutral) in the 
nanoscale range because of the synthesis procedure.[57] The most prevalent type of dendrimers, known as PAMAM dendrimers, 
have applications in regenerative medicine, medication and gene delivery, and many other fields. They are made up of an outer shell 
with amine branches and an inner core made of alkyl-diamine. Due to the extensive control over dendritic designs, Dendrimers are 
promising carriers for use in biomedical applications and an efficient way to administer hydrophobic and insoluble 
medications.[58,59] 

3.8. Magnetic nanoparticles 

In nasal delivery systems, magnetic nanoparticles (MNPs) have demonstrated considerable promise, especially in brain targeting. 
The nasal route is a useful strategy to provide therapeutic drugs for neurological diseases because it provides a direct pathway to the 
brain, avoiding the blood-brain barrier. Through the olfactory and trigeminal nerve pathways, the nasal cavity offers a direct 
connection to the brain, enabling MNPs to deliver medications to certain brain regions efficiently.[60] An external magnetic field 
can guide MNPs to specific areas, increasing medication concentration at the target region and boosting therapeutic efficacy[61]. 

4. Conclusion 

Nanotechnology-based intranasal drug delivery systems offer a promising approach for enhancing brain targeting and overcoming 
the limitations of conventional methods. These systems demonstrate improved bioavailability, reduced systemic side effects, and 
the potential for precise drug delivery to the central nervous system. While challenges such as enzymatic degradation, limited 
absorption of certain molecules, and formulation constraints persist, ongoing research continues to address these issues. The 
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development of advanced nanocarriers, coupled with a deeper understanding of nasal physiology and drug transport mechanisms, 
paves the way for more effective treatments of neurological disorders. 

References 

[1] Alnasser S. A review on nasal drug delivery system and its contribution to therapeutic management. Asian J Pharm Clin Res. 
2019;12(1):40-45. 

[2] Chhajed S, Sangale S, Barhate SD. Advantageous nasal drug delivery system: A review. Int J Pharm Sci Res. 2011;2(6):1322-
1336. 

[3] Alagusundaram M, Chengaiah B, Gnanaprakash K, Ramkanth S, Chetty CM, Dhachinamoorthi D. Nasal drug delivery 
system - An overview. Int J Res Pharm Sci. 2010;1(4):454-465. 

[4] Dighe S, Jog S, Momin M, Sawarkar S, Omri A. Intranasal Drug Delivery by Nanotechnology: Advances in and Challenges 
for Alzheimer's Disease Management. Pharmaceutics. 2024;16(1):58. 

[5] Erdő F, Bors LA, Farkas D, Bajza Á, Gizurarson S. Evaluation of the intranasal delivery route of drug administration for 
brain targeting. Brain Res Bull. 2018;143:155-170. 

[6] Borkar SP, Raizaday A. Different Strategies for Nose-to-Brain Delivery of Small Molecules. In: Nasal Drug Delivery. 
Berlin/Heidelberg: Springer; 2023. p. 361-379. 

[7] Brunner J, Ragupathy S, Borchard G. Target specific tight junction modulators. Adv Drug Deliv Rev. 2021;171:266-288. 

[8] Fortuna A, Alves G, Serralheiro A, Sousa J, Falcão A. Intranasal delivery of systemic-acting drugs: small-molecules and 
biomacromolecules. Eur J Pharm Biopharm. 2014;88(1):8-27. 

[9] Moakes RJA, Davies SP, Stamataki Z, Grover LM. Formulation of a Composite Nasal Spray Enabling Enhanced Surface 

Coverage and Prophylaxis of SARS‐COV‐2. Adv Mater. 2021;33(26):2008304. 

[10] Kumar A, Pandey AN, Jain SK. Nasal-nanotechnology: revolution for efficient therapeutics delivery. Drug Deliv. 
2016;23(3):671-683. 

[11] Westin UE, Boström E, Gråsjö J, Hammarlund-Udenaes M, Björk E. Direct nose-to-brain transfer of morphine after nasal 
administration to rats. Pharm Res. 2006;23:565-572. 

[12] Rai G, Gauba P, Dang S. Recent advances in nanotechnology for Intra-nasal drug delivery and clinical applications. J Drug 
Deliv Sci Technol. 2023;86:104726. 

[13] Erdő F, Bors LA, Farkas D, Bajza Á, Gizurarson S. Evaluation of intranasal delivery route of drug administration for brain 
targeting. Brain Res Bull. 2018;143:155-170. 

[14] Anderson KJ, Henneberg M, Norris RM. Anatomy of the nasal profile. J Anat. 2008;213(2):210-216. 

[15] Jeong SH, Jang JH, Lee YB. Drug delivery to the brain via the nasal route of administration: exploration of key targets and 
major consideration factors. J Pharm Investig. 2023;53(1):119-152. 

[16] Tummala SR, Gorrepati N. AI-driven Predictive Analytics for Drug Stability Studies. Journal of Pharma Insights and 
Research. 2024 Apr 25;2(2):188-98 

[17] Bahadur S, Pathak K. Physicochemical and physiological considerations for efficient nose-to-brain targeting. Expert Opin 
Drug Deliv. 2012;9(1):19-31. 

[18] Veronesi MC, Kubek DJ, Kubek MJ. Intranasal delivery of neuropeptides. Methods Mol Biol. 2011;789:303-312 

[19] Rao TS, Tirumala R, Rao PS. Quantification of tamsulosin in human plasma using LC-MS/MS. Journal of Bioanalysis & 
Biomedicine. 2011 Mar 3;3 

[20] Shen AM, Minko T. Pharmacokinetics of inhaled nanotherapeutics for pulmonary delivery. J Control Release. 2020;326:222-
244. 

[21] Gorrepati N, Tummala SR. A Case Report on Antiphospholipid Antibody Syndrome with Chronic Pulmonary Embolism 
Secondary to Deep Vein Thrombosis and Thrombocytopenia: Case report. Journal of Pharma Insights and Research. 2024 
Apr 30;2(2):272-4. 

[22] Sonvico F, Clementino A, Buttini F, Colombo G, Pescina S, Staniscuaski Guterres S, et al. Surface-Modified Nanocarriers 
for Nose-to-Brain Delivery: From Bioadhesion to Targeting. Pharmaceutics. 2018;10(1):34. 



Journal of Pharma Insights and Research, 2024, 02(04), 015-023 

  
Ashok simhadri et al 21 

 

[23] Shannahan J. The biocorona: a challenge for the biomedical application of nanoparticles. Nanotechnol Rev. 2017;6(4):345-
353. 

[24] Pitman M, Larsen J. The characterization of self-assembled nanostructures in whole blood. Anal Methods. 2020;12(16):2068-
2081. 

[25] Lima T, Bernfur K, Vilanova M, Cedervall T. Understanding the Lipid and Protein Corona Formation on Different Sized 
Polymeric Nanoparticles. Sci Rep. 2020;10(1):1129. 

[26] Müller LK, Simon J, Rosenauer C, Mailänder V, Morsbach S, Landfester K. The Transferability from Animal Models to 
Humans: Challenges Regarding Aggregation and Protein Corona Formation of Nanoparticles. Biomacromolecules. 
2018;19(2):374-385. 

[27] Chinen AB, Guan CM, Ko CH, Mirkin CA. The Impact of Protein Corona Formation on the Macrophage Cellular Uptake 
and Biodistribution of Spherical Nucleic Acids. Small. 2017;13(16):1603847. 

[28] Seju U, Kumar A, Sawant KK. Development and evaluation of olanzapine-loaded PLGA nanoparticles for nose-to-brain 
delivery: In vitro and in vivo studies. Acta Biomater. 2011;7:4169-4176. 

[29] Kumar A, Pandey AN, Jain SK. Nasal-nanotechnology: a revolution for efficient therapeutics delivery. Drug Deliv. 
2016;23(3):671-683. 

[30] Sarella PN, Vipparthi AK, Valluri S, Vegi S, Vendi VK. Nanorobotics: Pioneering Drug Delivery and Development in 
Pharmaceuticals. Research Journal of Pharmaceutical Dosage Forms and Technology. 2024 Feb 22;16(1):81-90. 

[31] Almeida AJ, Alpar HO. Nasal delivery of vaccines. J Drug Target. 1996;3:455-467 

[32] Jana P, Aiman H, Müller HR. Lipid nanoparticles (SLN, NLC) in cosmetic and pharmaceutical dermal products. Int J Pharm. 
2008;366(1-2):170-184. 

[33] Abhijit A, Medha Joshi D, Vandana B Patravale. Parasitic diseases: Liposomes and polymeric nanoparticles versus lipid 
nanoparticle. Adv Drug Deliv Rev. 2007;59(6):505-521 

[34] Sarella PN, Vegi S, Vendi VK, Vipparthi AK, Valluri S. Exploring Aquasomes: A Promising Frontier in Nanotechnology-
based Drug Delivery. Asian Journal of Pharmaceutical Research. 2024 May 28;14(2):153-61. 

[35] Dow S. Liposome-nucleic acid immunotherapeutics. Expert Opin Drug Deliv. 2008;5(1):11-24. 

[36] Garbuzenko OB, Mainelis G, Taratula O, Minko T. Inhalation treatment of lung cancer: the influence of composition, size 
and shape of nanocarriers on their lung accumulation and retention. Cancer Biol Med. 2014;11(1):44-55. 

[37] Shah V, Taratula O, Garbuzenko OB, Patil ML, Savla R, Zhang M, et al. Genotoxicity of different nanocarriers: Possible 
modifications for the delivery of nucleic acids. Curr Drug Discov Technol. 2013;10(1):8-15. 

[38] Sanchez-Purra M, Ramos V, Petrenko VA, Torchilin VP, Borros S. Double-targeted polymersomes and liposomes for 
multiple barrier crossing. Int J Pharm. 2016;511(2):946-956. 

[39] Dhaliwal HK, Fan Y, Kim J, Amiji MM. Intranasal Delivery and Transfection of mRNA Therapeutics in the Brain Using 
Cationic Liposomes. Mol Pharm. 2020;17(6):1996-2005. 

[40] Mukherjee S, Ray S, Thakur RS. Solid lipid nanoparticles: a modern formulation approach in drug delivery system. Indian J 
Pharm Sci. 2009;71(4):349-358. 

[41] Puri A, Loomis K, Smith B, et al. Lipid-based nanoparticles as pharmaceutical drug carriers: from concepts to clinic. Crit 
Rev Ther Drug Carrier Syst. 2009;26(6):523-580. 

[42] Ghasemiyeh P, Mohammadi-Samani S. Solid lipid nanoparticles and nanostructured lipid carriers as novel drug delivery 
systems: applications, advantages and disadvantages. Res Pharm Sci. 2018;13(4):288-303. 

[43] Martins S, Sarmento B, Ferreira DC, Souto EB. Lipid-based colloidal carriers for peptide and protein delivery--liposomes 
versus lipid nanoparticles. Int J Nanomedicine. 2007;2(4):595-607. 

[44] Tapeinos C, Battaglini M, Ciofani G. Advances in the design of solid lipid nanoparticles and nanostructured lipid carriers 
for targeting brain diseases. J Control Release. 2017;264:306-332. 

[45] Gupta A, Eral HB, Hatton TA, Doyle PS. Nanoemulsions: formation, properties and applications. Soft Matter. 
2016;12(11):2826-2841. 

[46] Jaiswal M, Dudhe R, Sharma PK. Nanoemulsion: An advanced mode of drug delivery system. 3 Biotech. 2015;5(2):123-127. 



Journal of Pharma Insights and Research, 2024, 02(04), 015-023 

  
Ashok simhadri et al 22 

 

[47] Costa C, Moreira JN, Amaral MH, Sousa Lobo JM, Silva AC. Nose-to-brain delivery of lipid-based nanosystems for epileptic 
seizures and anxiety crisis. J Control Release. 2019;295:187-200. 

[48] Elieh-Ali-Komi D, Hamblin MR. Chitin and Chitosan: Production and Application of Versatile Biomedical Nanomaterials. 
Int J Adv Res. 2016;4(3):411-427. 

[49] Thummala UK, Vallabhareddy PS, Sarella PN. Enhancing Oral Absorption of Orlistat through Gastroretentive 
Mucoadhesive Pellets: Formulation and Evaluation. Journal of Clinical and Pharmaceutical Research. 2023 Apr 30:9-17. 

[50] England RJ, Homer JJ, Knight LC, Ell SR. Nasal pH measurement: A reliable and repeatable parameter. Clin Otolaryngol 
Allied Sci. 1999;24(1):67-68. 

[51] Sarella PN, Mangam VT. AI-Driven Natural Language Processing in Healthcare: Transforming Patient-Provider 
Communication. Indian Journal of Pharmacy Practice. 2024;17(1). 

[52] Ong WY, Shalini SM, Costantino L. Nose-to-brain drug delivery by nanoparticles in the treatment of neurological disorders. 
Curr Med Chem. 2014;21(37):4247-4256. 

[53] McCall RL, Sirianni RW. PLGA nanoparticles formed by single- or double-emulsion with vitamin E-TPGS. J Vis Exp. 
2013;(82):1-8. 

[54] Sarella PN, Thammana PK. Potential applications of Folate-conjugated Chitosan Nanoparticles for Targeted delivery of 
Anticancer drugs. Research Journal of Pharmaceutical Dosage Forms and Technology. 2023 Oct 1;15(4):281-8. 

[55] Shakeri M, Ashrafizadeh M, Zarrabi A, Roghanian R, Afshar EG, Pardakhty A, et al. Multifunctional Nanomedicines Based 
on Liposomes for Wound Healing: A Review of the Current Evidence. Biomedicines. 2020;8(8):243. 

[56] Wong L, Ho P. Dermal and Transdermal Drug Delivery Systems: Current Trends and Approaches. J Pharm Pharmacol. 
2017;70(1):59-72. 

[57] Abbasi E, Aval SF, Akbarzadeh A, Milani M, Nasrabadi HT, Joo SW, et al. Dendrimers: synthesis, applications, and 
properties. Nanoscale Res Lett. 2014;9(1):247. 

[58] Janaszewska A, Lazniewska J, Trzepiński P, Marcinkowska M, Klajnert-Maculewicz B. Cytotoxicity of Dendrimers. 
Biomolecules. 2019;9(8):330. 

[59] Karmakar S, Bhowmik M, Laha B, Manna S. Recent advancements on novel approaches of insulin delivery. Medicine in 
Novel Technology and Devices. 2023 Jul 14:100253. 

[60] Abedi-Gaballu F, Dehghan G, Ghaffari M, Yekta R, Abbaspour-Ravasjani S, Baradaran B, et al. PAMAM dendrimers as 
efficient drug and gene delivery nanosystems for cancer therapy. Appl Mater Today. 2018;12:177-190. 

[61] Dhas N, Pathak YV, Yadav HKS, editors. Biomedical Applications of Nanocarriers in Nasal Delivery. In: Nasal Drug 
Delivery. Cham: Springer; 2023. p. 101-126 

 

 

 

 

 

 

 

 

 



Journal of Pharma Insights and Research, 2024, 02(04), 015-023 

  
Ashok simhadri et al 23 

 

Author’s short biography 

Mr Ashok Simhadri 

Ashok Simhadri is a fifth-year student studying Doctor of Pharmacy (Pharm-D) at Vikas Institute of 
Pharmaceutical Sciences in Rajahmundry, Andhra Pradesh, India. Pharmaceutical-related advances in 
technology. His aim in the medical field as a Clinical Pharmacist is to provide adequate treatment to 
patients, as well as engage in Awareness Medical Camps to educate patients about their illnesses, 
medications, and patient counselling 

 

Miss Mounika Devi Dommeti 

Mounika Devi Dommeti is a fourth-year student pursuing a Doctor of Pharmacy (Pharm-D) at Vikas 
Institute of Pharmaceutical Sciences in Rajahmundry, Andhra Pradesh, India. Her interest was to get 
information in the pharmaceutical field through research publications. She is interested in learning more 
about medical services such as Gynecology and Dermatology. The goal she has is to become a clinical 
pharmacist so that she can help patients 

 

Mr Jupiter Sana 

Jupiter is a fifth-year student at Vikas Institute of Pharmaceutical Sciences in Rajahmundry, Andhra 
Pradesh, India, pursuing a doctorate in pharmacy. His interests include pharmacology, and he aspires to 
become a clinical pharmacist. Interested in doing a research paper focused on technology in the medical 
field 

 
 


