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ABSTRACT    

Neurodegenerative diseases (NDDs), a global growing concern, are posing significant social and economic 

challenges, making the efficient delivery of medications to the brain a pressing demand. Over the past decade, 

several strategies have been developed to facilitate brain targeting, to circumvent the formidable obstacle presented 

by the blood-brain barrier (BBB). These tactics encompass both non-invasive and invasive approaches, with the 

utilization of nanocarriers being increasingly prevalent due to the various advantages they offer. Likewise, the 

intranasal (IN) delivery of drugs is considered one of the most practical non-invasive techniques that can bypass the 

BBB, mitigating systemic adverse effects and reducing administered doses, in addition to, the added pros of greater 

bioavailability, and enhanced cerebral exposure at comparable oral doses. This review aims to elucidate 

recent approaches employed in the delivery of therapeutics to the brain, with a thorough emphasis on the IN route 

for targeted drug delivery. 
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1. Introduction 

Neurodegenerative diseases (NDDs) 

encompass a pathological state characterized by 

the progressive death of the neurons in the central 

nervous system (CNS), leading to the 

manifestation of either motor impairment (ataxia) 

or memory loss (dementia). Mitochondrial 

dysfunctions, excitotoxicity, and apoptosis are 

recognized as the main pathological factors 

contributing to the aging and development of 

NDDs, including Alzheimer's disease (AD), 

Parkinson's disease (PD), amyotrophic lateral 

sclerosis (ALS), and Multiple Sclerosis (MS) [1]. 

The etiology of neurodegeneration is believed to 

include a complex interaction of several 

elements, involving both environmental 

influences and genetic predisposition. However, 

it has been postulated that redox metal misuse 

plays a pivotal part in this process, since a 

significant proportion of the observed symptoms 

may be attributed to aberrant metal metabolism 

[2]. Annually, more than 10 million people 

worldwide suffer from NDDs, with an onset that 

can occur at any age, but is more likely in the 

elderly. This figure is expected to grow by 20% 

over the next decade as the aging population 

increases and lives longer. NDDs impose a vital 
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health risk since they are the fourth leading cause 

of death in the developed world, right after heart 

diseases, cancer, and strokes [3]. 

Despite the therapeutic potential of several 

medicines for the treatment of CNS diseases, 

only a tiny fraction of these compounds (< 5%) 

have been utilized clinically, all due to the blood-

brain barrier (BBB) obstacle [4]. Brain 

bioavailability is impeded by two primary 

barriers: the blood-cerebrospinal fluid barrier 

(BCSFB) and BBB, with the latter causing 

substantial hindrance to accessing the brain 

parenchyma [5]. Anatomically, the BBB is 

composed of three distinct layers, as illustrated in 

Fig. 1. The innermost layer consists of 

endothelial cells forming the capillary wall, and 

is characterized by the presence of tight junctions 

(TJs). Adjacent to the endothelial cell layer is the 

basement membrane, followed by a layer 

composed of pericytes and astrocytic feet 

processes, situated on the basement membrane 

[6].  

 

 

The BBB serves as a multifaceted barrier, 

including physical, metabolic, and 

immunological functions. One aspect to consider 

is the presence of TJs, which act as a physical 

barrier that hinders the paracellular movement of 

tiny hydrophilic molecules. On the contrary, the 

establishment of metabolic and immunological 

barriers is expedited by the presence of various 

receptors and transporter proteins, such as efflux 

pumps, which selectively facilitate the entry of 

essential chemicals while impeding the passage 

of others [7]. Fig. 2. depicts all the transport 

pathways that particles exploit to traverse the 

BBB. 

Accordingly, the limited ability of only a few 

medications to traverse the BBB is a major 

challenge, especially in light of the expected 

increase in the prevalence of NDDs. Hence, it 

can be argued that the neuro-pharmaceutical 

market is poised to become the dominant sector 

within the industry, with an anticipated 



Alsamarrai et al., Arch Pharm Sci ASU 7(2): 482-501 
 

484 

advancement in BBB drug delivery technologies 

[8]. 

Typically, traditional methods of treating 

NDDs comprise the uptake of these medicines 

into the CNS via systemic circulation, and to 

achieve therapeutic concentrations, high doses or 

prolonged treatment regimens are required, with 

a likelihood of systemic toxicity. As a result, 

researchers are actively seeking other methods to 

facilitate the delivery of active ingredients 

directly into the CNS without necessitating an 

increase in their systemic levels [9].  

This review aims to elucidate contemporary 

approaches employed in the delivery of 

therapeutics to the brain. It will highlight the 

potential of the IN pathway as a viable approach 

for brain targeting. 

 

2. Strategies for Enhanced Central Nervous 

System Drug Delivery 

 In the last few decades, there has been a 

growing emergence of multidisciplinary 

techniques aimed at enhancing medication 

concentrations in the brain. As illustrated in Fig. 

3. These advances are mainly based on the 

following primary strategies: the method of drug 

administration, manipulation of the drug 

composition, disruption of the BBB physiology, 

and the utilization of nanocarriers. Here, we will 

provide a quick overview of these paths of 

access. 

2.1. Invasive Techniques 

In general, few nutrients and peptides can 

pass through the BBB to reach an effective 

concentration in the brain tissue after intravenous 

or oral administration. Therefore, to systemically 

deliver sufficient amounts of potent drugs (e.g., 

neurotrophic factors and anticancer drugs) to the 

CNS, these drugs will inevitably spread to other 

tissues and cause severe adverse effects. Hence, 

sometimes, it is necessary to break the BBB or to 

deliver these drugs directly into the brain tissue 

[10]. Nevertheless, it is essential to note that all 

direct procedures encounter challenges related to; 

infection dangers, elevated neurosurgery 

expenses, the requirement for specialized 
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expertise, and limited effectiveness in cases with 

diffuse tumors, metastasis, Alzheimer's disease, 

Parkinson's disease, epilepsy, etc. These invasive 

techniques include intracerebral, intraventricular, 

and intrathecal injections 

Intracerebral injection involves the direct 

administration of drugs into the parenchymal 

space of the brain through openings in the skull. 

The intracerebral implantation of therapeutics 

containing a biodegradable polymeric matrix is a 

highly traumatic drug delivery strategy that has 

been used in several clinical studies [11]. The 

Food and Drug Administration (FDA) 1996, 

approved carmustine (Gliadel
®
) containing poly 

anhydride polymer wafer for recurrent high-grade 

gliomas. By using diffusion and hydrolytic 

polymer breakdown mechanisms, this matrix 

effectively achieves a prolonged and controlled 

release of active components over a period of 

about two months [12]. Nevertheless, the 

heightened susceptibility to trauma and 

inadequate medication penetration beyond the 

resection cavity has posed limitations on the 

application of this local administration approach 

[13]. 

The intraventricular approach involves the 

direct injection of drugs into the cerebral 

ventricle, resulting in the fast distribution of 

medicines in concentrated amounts inside the 

ventricles and subarachnoid regions of the brain 

[14]. This method is particularly suitable for 

treating meningioma and metastatic cells present 

in the cerebrospinal fluid (CSF). Despite the clear 

advantage of this approach, this provides efficient 

and expedited transportation of medications to 

the intended location. This pathway possesses the 

capacity to elicit trauma, cerebral edema, catheter 

malfunction, infections, and maybe fatal 

outcomes [15-16].  

While the intrathecal injection is considered 

less intrusive compared to the intracerebral route, 

it does not enable significant drug accumulation 

inside the brain parenchyma, which is crucial for 

sustained drug delivery. This type of treatment 

was found to be effective for spinal and 

disseminated meningeal disorders, whereas, 

glioblastoma does not exhibit the same level of 

convenience in response to this approach [17]. 
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2.2. Non-invasive Techniques 

Non-invasive techniques for targeting drugs 

across the BBB primarily include mechanisms 

like intranasal delivery, the use of nanoparticles, 

chemical drug modification, biological 

approaches, and BBB disruption [18]. Although 

this approach is typically associated with 

enhanced safety by minimizing the likelihood of 

consequences such as infection or bleeding, may 

exhibit reduced efficacy in some medication or 

disease scenarios. This limitation might be 

attributed to the constrained drug dosage that can 

be administered or the precision required for 

targeting a particular site. [19]. 

2.2.1. Chemical Approaches 

Chemical approaches are based on 

modifying the chemistry of drugs to enhance 

their unfavorable physical and chemical 

characteristics, such as solubility or permeability 

through membranes. 

2.2.1.1. Prodrugs 

The term "prodrug" was proposed by Adrien 

Albert in 1958. Prodrugs can be defined as 

chemical compounds that possess minimal or 

negligible pharmacological action, but undergo 

biotransformation processes to generate 

therapeutically active metabolites. It is 

imperative to exercise caution before employing 

this approach since certain prodrug molecules 

possess the potential to modify the initial tissue 

distribution, as well as, the effectiveness and 

toxicity of the parent drug [20]. 

Chemically, a prodrug is classified into four 

major classes [21], namely; carrier-linked, 

precursors, macromoleculars, and drug-antibody 

conjugates. In carrier-linked prodrugs, the 

pharmaceutical ingredient is chemically 

connected to a carrier, known as the pro-moiety, 

and activation of this drug-carrier complex takes 

place by hydrolysis (in the case of esters, amides, 

and imines), oxidation, or reduction. 

Bioprecursors are compounds that lack a pro-

moiety but can still be activated by oxidation, 

reduction, or hydrolysis. As for macromolecular 

prodrugs, the carrier is a macromolecule such as 

polyethylene glycol (PEG). And finally, in drug-

antibody conjugates, the utilized carrier is an 

antibody specifically formulated to target and 

bind to cancer cells.  

Currently, a plethora of investigations are 

being conducted in the field of prodrug research 

for NDDs. For example, the metabolism of 

dopamine (DA), a neurotransmitter that plays a 

crucial role in the development of PD, occurs 

quickly after it is taken orally, this prevents it 

from crossing the BBB by passive diffusion. 

Therefore, the creation of a prodrug strategy is 

required to overcome this challenge. Amino acid 

prodrugs of dopamine facilitate the transportation 

of this cationic model into the brain through the 

L-type amino acid transporter 1 (LAT1, 

SLC7A5). The latter is a potential avenue for 

delivering drugs with limited brain penetration, 

exploiting a phenylalanine moiety that is 

connected to the parent drug, DA, by an amide 

linkage [22]. An additional illustration of a 

prodrug that was designed to ameliorate 

subsisting PD drugs is Levodopa (L-Dopa) 

(SINEMET
®
). L-Dopa is the gold standard 

therapy for PD patients. Researchers have created 

several prodrugs to address the challenges related 

to L-Dopa, such as issues with bioavailability and 

peripheral metabolism. Amongst these prodrugs, 

XP21279, a prodrug of L-Dopa that is actively 

transported, has been investigated in individuals 

with PD who suffer from motor fluctuations. In 

the context of clinical trials, it was reported that 

XP21279 exhibited a reduction in motor 

fluctuations and a boost in average plasma L-

Dopa concentrations in individuals with PD when 

contrasted to the levels recorded with Carbidopa-

Levodopa (CD-LD). The relative bioavailability 

of XP21279 is estimated to be roughly 90% 

compared to immediate-release CD-LD, 
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however, the progress of prodrug research was 

ultimately halted as a result of performance 

challenges in achieving substantial primary 

results throughout clinical experiments [23].  

2.2.1.2. Molecular packaging 

The transportation of peptides such as 

enkephalin, TRH (thyrotropin-releasing 

hormone), and Kyotorphin analogs across the 

BBB poses an intricate challenge due to their 

susceptibility to rapid inactivation by ubiquitin-

specific peptidase 17; hence, it is imperative to 

address three interconnected challenges. First, as 

a way to augment passive transport, lipophilicity 

must be increased. Second, enzymatic stability 

must be ensured to mitigate premature 

degradation, and ultimately, the lock-in 

procedure may be utilized to facilitate precise 

targeting. This complex technique is known as 

molecular packaging, where the peptide unit is 

incorporated with a bulky molecule, dominated 

by groups responsible for directing it towards 

BBB traverse and inhibiting identification by 

peptidases [24]. 

2.2.2. Biological Approaches 

The primary focus of this approach revolves 

around comprehending the physiological and 

anatomical factors that influence the transport of 

substances across the BBB [25]. This approach 

embraces the preparation of chimeric peptides 

and cationic peptides. 

2.2.2.1. Receptor-mediated delivery of 

chimeric proteins 

This technique capitalizes on many specific 

transcytosis mechanisms designed to facilitate the 

passage of vital nutrients and signaling molecules 

that are unable to diffuse across the Cerebro-

microvasculature, such as the delivery of insulin, 

transferrin, lactoferrin, and insulin-like growth 

factor [26]. Chimeric peptide delivery involves 

the conjugation of a non-transportable peptide 

with a transportable protein/peptide. This 

conjugate undergoes transcytosis across the BBB 

via receptor-mediated or absorptive-mediated 

mechanisms, followed by enzymatic cleavage by 

thiol reductase inside the parenchyma. A well-

known example is the protein β-endorphin, a 

non-transportable protein, which forms a 

disulfide bond with the transportable protein-

cationized albumin [27].  

2.2.2.2.Cell-penetrating peptides (CPPs)-

mediated drug delivery 

CPPs typically consist of amino acid 

sequences ranging from 5 to 30 residues that 

form peptides exhibiting amphipathic or cationic 

properties, thus, enabling their traverse across the 

cellular membrane. The field of CPPs originated 

with the discovery of a protein-transduction 

domain inside the trans-activator of transcription 

protein, as documented by a research team 

investigating the human immunodeficiency virus 

during the 1980s [28]. CPPs have been the 

subject of substantial research owing to their 

capacity to facilitate the intracellular 

transportation of cargo molecules (Fig. 4.). A 

diverse range of cargo, encompassing nucleic 

acids, nanoparticles, peptides, proteins, and small 

medicinal molecules, has been transported using 

CPPs [29]. CPP-based delivery systems have 

demonstrated the ability to effectively transport 

macromolecules across cellular membranes, 

especially the BBB, exhibiting a favorable 

balance between minimal cellular toxicity and 

high efficiency. This characteristic renders CPPs 

as potentially valuable therapeutic agents for 

treating NDDs [30]. 

2.2.3. Colloidal Drug Carriers 

Over the last few decades, many classes of 

nanocarriers, including liposomes, polymeric 

micelles, nanoparticles (NPs), and 

nanoemulsions, have been utilized to 

deliver drugs to the brain following 
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administration via various routes [31-32]. 

Nanotechnology has exciting possibilities in the 

realm of brain drug targeting since it addresses 

many constraints associated with conventional 

drug delivery methods.  

Nanocarriers, colloidal systems with 

dimensions ranging from 1 to 300 nm, constitute 

a variety of components, including lipid-based, 

polymeric, and metallic NPs. They serve as 

carriers for a therapeutic agent that could be 

encapsulated, adsorbed, covalently linked, or 

electrostatically bonded to the NP [33]. A variety 

of medications have been successfully delivered 

to the brain by adapting this concept, such as 

anticancer medications, antiparkinson drugs, 

cardiovascular drugs, analgesics, protease 

inhibitors, and various macromolecules [34]. In 

the subsequent section, we will explore examples 

of the three primary types of nanocarriers along 

with their respective uses for brain delivery.  

 

2.2.3.1. Liposomes 

Liposomes are the most commonly used type 

of lipidic nanocarriers. They possess a lipid 

bilayer structure, which can exist in either 

unilamellar or multilamellar entities, 

characterized by their spherical appearance. 

These lipophilic phospholipid bilayers enclose an 

inner aqueous compartment and exhibit relatively 

low permeability [35] with a high tendency for 

surface modification. Liposomes have garnered 

significant interest as potential carriers for drug 

administration due to their biocompatibility, lack 

of toxicity, and ability to transport both lipophilic 

and hydrophilic drug molecules, thus 

safeguarding the cargo from destruction by 

plasma enzymes. Additionally, liposomes 

facilitate the transfer of their cargo across 

biological membranes, including the BBB, due to 

their structural imitation [36].  

Three main types of liposomes have been 

extensively discussed in the literature, based on 

their surface characteristics, viz, conventional 
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liposomes with no surface modification, 

PEGylated liposomes, also known as "stealth 

liposomes" due to their prolonged circulation 

time, and ligand-targeted liposomes 

(functionalized liposomes) [37], as revealed in 

Fig. 5.  

To overcome some limitations associated 

with conventional liposomes, such as rigidity and 

stability concerns, a modified class of liposomes 

characterized by their high flexibility and 

deformability, known as transfersomes, was 

developed. Cevc and Blume introduced 

transfersomes that consist of phospholipids and 

edge activators [38], where edge activators were 

incorporated in the lipid bilayer to impart 

deformability to the vesicles [39], resulting in 

enhanced drug loading capacity, increased 

stability, improved skin permeability, and 

sustained drug release [40]. Another kind of 

modified liposome is emulsomes, which 

constitute a solid fat core encapsulated inside 

multiple layers of phospholipids, thus, 

incorporating the attributes of both liposomes and 

emulsions. Due to the presence of a robust lipid 

core, emulsomes can encapsulate larger 

quantities of lipophilic medicinal molecules and 

provide a more extended-release duration 

compared to other lipid-based nanocarriers, such 

as liposomes or transfersomes [41]. 

 

2.2.3.2. Polymeric micelles 

Polymeric micelles are nanosized colloidal 

polymeric particles constituting a hydrophobic 

core surrounded by a hydrophilic shell  [42]. The 

hydrophilic shell stabilizes the micelles in 

biological fluids, rendering them "invisible" to 

the immune system and enabling them to bypass 

the BBB. Meanwhile, the hydrophobic core 

provides an environment for poorly soluble 

drugs. The advantages of this nanosized system 

include increased drug solubility, enhanced drug 

delivery efficiency, and a reduced likelihood of 

systemic side effects. However, challenges exist, 

such as the potential for premature drug release 

before reaching the targeted site, possible toxicity 

from the carrier material, and variability in 

micelle stability. Furthermore, reproducibility 

with large-scale production of PMs remains a 

technical hurdle that should be overcome [43].  

2.2.3.3. Metallic nanoparticles    

Metallic nanoparticles are tiny particles with 

nanoscale dimensions (1-100 nm), and due to 

their size, they exhibit interesting physical and 
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chemical properties, rendering them highly useful 

in biomedical and pharmaceutical applications 

[44]. For instance, their high surface area to 

volume ratio makes them highly interactive with 

biological entities, enabling controlled drug 

delivery and release [45]. In various 

pharmacological contexts, extensive research has 

been conducted on metallic nanoparticles, 

including silver, gold, and iron oxide. These 

studies have explored a diverse array of uses, 

ranging from the targeted delivery of anticancer 

medications to the development of antibacterial 

agents. Their ease of surface functionalization 

also recommends their use in targeted delivery, 

thus, enhancing therapeutic efficacy while 

reducing side effects [46]. Fig. 6. summarizes the 

pros and cons of colloidal drug carriers. 

 

2.2.4. BBB Disruption  

In this strategy, direct targeting of drugs to 

the CNS is achieved by utilizing a particular 

chemical component or by employing external 

energy applications, such as ultrasonic waves or 

electromagnetic radiation, which open up TJs, 

hence, enabling successful penetration into the 

brain. The temporary disruption of the BBB may 

be induced using one of two distinct stimuli, 

either chemical or physical. In the chemical 

stimuli approach, a hyperosmolar chemical 

compound, such as mannitol, is used, which, due 

to its high hypertonicity/osmotic pressure, 

reduces endothelial cells' size, resulting in the 

opening of TJs. As for the physical stimuli, in 

this route, the disruption of BBB is accomplished 

by using ultrasound and electromagnetic 

radiation [47-48]. The precise mechanism 

underlying these physical methods still needs to 

be explained, however, it is postulated that these 

waves induce the expansion and contraction of 

bubbles within the capillaries. The enlargement 

of giant bubbles leads to the complete filling of 

the capillary lumen, thereby, exerting a 

mechanical stretching force on the wall of the 

vessel, consequently, leading to a reversible 

disruption in TJs [49].     

Nevertheless, the approach of BBB 

disruption may potentially damage healthy brain 

tissue and result in side effects such as bleeding 

and inflammation. Additionally, the procedure is 

typically only effective for a short time and may 

not be suitable for all patients or conditions [50]. 

Therefore, it is essential to consider this 

procedure's risks and benefits carefully and 

discuss its pros and cons with the healthcare 



Tactics Employed in the Treatment of Neurodegenerative Diseases 491 

provider before deciding. 

2.2.5. Intranasal (IN) Delivery 

Since the 1980s, there has been an increasing 

interest in IN drug delivery, since it serves as a 

non-invasive route, whether targeting drugs to the 

brain or for a systemic action. Despite the 

apparent integrity of the nasal epithelium, the 

intercellular junctional complex of its mucosa 

exhibits poor tightness, mostly attributed to the 

presence of leaky epithelial tissue. Also, the 

mucosa, lamina propria, and permeable 

epithelium exhibit extensive vascularization, 

offering an ideal surface for systemic drug 

absorption [51].    

The primary physiological roles of the nasal 

cavity encompass the regulation of olfaction 

(sense of smell), facilitating air intake into the 

respiratory system, and eliminating large 

particles, especially pathogens, from inhaled air. 

For effective administration of the therapeutic 

molecules through the nasal route, their 

anatomical and physiological features must be 

considered when designing delivery systems for 

the CNS. Therefore, understanding the 

physiology and anatomy of nasal mucosa is 

imperative [52]. The nasal cavity of the human 

body possesses a combined capacity ranging 

from 15 to 20 mL and an aggregate surface area 

spanning from 150 to 160 cm
2
 [53]. The nasal 

cavity is padded by a mucosal layer covering its 

epithelium. In conjunction with the cilia on the 

outermost layer of ciliated cells, the mucus serves 

as the principal mechanism of defense within the 

nasal cavity. This defense mechanism, called 

mucociliary clearance, involves the initial 

entrapment of inhaled pathogens and particles in 

the mucus. Subsequently, the coordinated 

movement of the cilia propels the entrapped 

substances towards the nasopharynx, thereby, 

facilitating the removal of harmful agents at 

regular intervals of 15 to 20 min [54]. The nasal 

cavity can be divided into three regions, as shown 

in Fig. 7., the nasal vestibule, the olfactory, and 

the respiratory regions [55]. 

The vestibular area is situated close to the 

apertures of the nostrils, where drug absorption is 

quite low compared to the other two regions 

mostly due to its limited surface area, which is 

roughly 0.6 cm2, as well as, the absence of cilia 

on the epithelial cell surface. The respiratory 

region, which encompasses a significant portion 

of the nasal cavity, comprises the respiratory 

epithelium, with a substantial surface area of 

around 130 cm
2
, mostly attributed to the 

abundance of cells that feature many microvilli. 

Since the respiratory region is characterized by 

its extensive surface area and vascularity, it 

serves as the primary location for systemic drug 

absorption, provided that pharmaceuticals are 

capable of traversing the mucus layer. The 

trigeminal nerves, arising from the brain stem, 

innervate the respiratory area and have been 

identified as a possible nerve pathway for 

medication delivery to the CNS [56]. On the 

other hand, the olfactory area is situated in the 

superior aspect of the nasal cavity, spanning a 

limited distance along both the septal area and 

the lateral wall. The olfactory epithelium, like the 

respiratory epithelium, has a pseudostratified 

structure. However, it distinguishes itself by 

harboring specialized olfactory receptor cells that 

play an essential role in the sense of smell [57]. 

This particular region assumes a significant 

function in facilitating the direct delivery of 

drugs to the brain and its CSF chamber via the 

olfactory nerve [58]. Therefore, the olfactory and 

trigeminal nerves can access the brain directly by 

circumventing the BBB [59]. This direct short 

route, facilitated by the submucosal space of the 

nose, is the most expeditious pathway for drug 

brain targeting. Advanced drug delivery 

technologies have also been employed to enhance 

mucoadhesion, augment nasal permeability, 

facilitate regulated drug release, enhance drug 
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deposition at the olfactory epithelium, and 

promote intranasal medication transport to the 

brain [60]. Intracellular and paracellular drug 

transport pathways from the nasal cavity to the 

CNS through olfactory neurons and supporting 

cells are shown in Fig. 7.  

 

The primary benefits of IN delivery include 

its convenient use, which enables self-

administration, the rapid onset of action, and its 

ability to bypass the gastrointestinal and hepatic 

first-pass effects, thus, minimizing systemic 

exposure, and reducing potential peripheral side 

effects. Consequently, the nasal route 

is advantageous for delivering active substances 

with low oral bioavailability [61]. However, 

noteworthy obstacles exist, including the 

anatomical, physiological, and biochemical 

properties of the target location. One of the 

primary obstacles pertains to mucus in the nasal 

mucosa and the associated ciliary movement, 

which can potentially restrict the duration of drug 

retention in the nasal cavity and hinder its 

movement toward the CNS. Also, the limited 

drug delivery volume inside each nostril and the 

anatomical positioning of the olfactory nerve 

may impede it [62]. The inclusion of metabolic 

enzymes in the olfactory region should also be 

taken into account throughout the formulation 

design for the nose-to-brain pathway. 

Therefore, IN formulations must consist of 

biocompatible ingredients to prevent rapid 

elimination by mucociliary clearance and/or 

degradation by the enzymes [63]. Several 

approaches have been investigated to address 

these issues, the majority of which were designed 

to improve the absorption and permeability of 

molecules, by prolonging their residence time in 

the nasal mucosa and concentrating the 

medication in the brain. Various tactics can be 

employed to boost drug delivery, such as the 
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utilization of permeation enhancers (e.g. Tween 

80, span 60, and bile salts), mucoadhesive 

polymers (e.g. chitosan; a glycoprotein that 

constitutes the principal component of the nasal 

mucus layer), enzyme inhibitors, cell-penetrating 

peptides, and nanosized drug delivery systems, 

either individually or in combination [64-65].   

As for more recent advances in drug delivery 

via the IN route, Impel Neuropharma has 

successfully designed a novel device known as 

the Precision Olfactory Delivery (POD™) 

technology, which enables the administration of 

drugs into the deep nasal cavity for enhanced 

absorption and consistency [66].   There is also 

Optinose, a bi-directional delivery device that 

utilizes the patient's inherent exhalation force to 

expel the prescribed dosage from the device. The 

act of closing the soft palate serves to prevent any 

potential deposition of the powder substance into 

the respiratory system. Also, SipNose has 

successfully engineered a nasal device that 

operates through the act of drinking, facilitating 

the administration of tiny particle aerosols while 

minimizing their accumulation in the lower 

airways [67].   

From all the strategies mentioned above to 

bypass the BBB for efficient treatment of NDDs, 

it can be concluded that the ideal approach is the 

dual combination of delivering drugs 

encapsulated in nanocarriers via the IN route. 

Therefore, Table 1 summarizes different types of 

nanocarriers used to target therapeutic agents to 

the brain via the IN route while highlighting the 

associated challenges. 

Table 1. A summary of nanocarriers used for brain targeting of drugs via the intranasal route. 

Nanocarrier type Drug Disease Therapeutic Outcomes References 

Emulsomes 
Eletriptan 

Hydrobromide 
Migraine 

The results of the optimized Eletriptan 

mucoadhesive emulsomes formula after 

IN administration depicted significantly 
higher Cmax and AUC (0–8) than IV and 

IN drug solutions. 

[68] 

Gold nanoparticles Temozolomide 
Glioblastoma 

multiforme 

In vitro, studies of Temozolomide-
conjugated gold nanoparticles on glioma 

cells showed an increase in cellular 

absorption and toxicity, with a higher 
incidence of cell death in comparison to 

the Temozolomide solution. 

[69] 

Graphene Oxide 

Nanosheets 
NR NR 

The findings revealed that nose-to-brain 
delivery was size-dependent, with the 

smallest graphene oxide sheets 
deposited in the microglia. 

[70] 

Gold nano prisms and 

nanospheres 
NR Alzheimer's disease 

IN delivery deposited higher gold 

concentrations in the brain, about 55 
times the IV route. 

[71] 

Polymeric nanoparticles Frovatriptan Migraine 

The results showed that the drug 

distribution in the brain following IN 

administration was significantly higher 

than the IV route. 

[72] 

Transfersomes Resveratrol Alzheimer's disease 

The Cmax of Resveratrol in the tailored 
transferosomal in situ gel was 2.15 folds 

that of the oral suspension, and the AUC 

was 22.5 folds. 

[73] 

Emulsomal-thermogels Oxcarbazepine Epilepsy IN Oxcarbazepine-exosomal-thermals [74] 
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showed higher drug targeting efficiency 

to the brain compared to the drug 

solution and marketed oral suspension. 

Nano-emulsion 
 

Selegiline Parkinson's disease 

IN nanoemulsion showed improved 

selegiline brain delivery compared to IN 

and IV drug solutions. 
[75] 

Liposomes Quetiapine Schizophrenia 

The findings confirmed that the 

liposomal dispersion exhibited higher 

efficacy in delivering the drug to the 
brain compared to the simple colloidal 

dispersion when administered 

intranasally. 

[76] 

Mesoporous silica 

nanoparticles 
Chrysin and Curcumin 

Oxidative CNS 

disorders 

The study provided evidence indicating 

that nanoparticles with a size less than 

500 nm could be internalized by 
olfactory cells. 

[77] 

Emulsomes Oxcarbazepine Epilepsy 

Following IN administration of  

Emulsomal oxcarbazepine, 
pharmacokinetic results revealed higher 

brain concentrations to the IV solution 

and oral marketed product. 

[78] 

Polymeric nanoparticles Tramadol Depression 

The study revealed that the delivery of 

Tramadol-loaded chitosan NPs in situ 
gel enhanced the nose-to-brain delivery 

compared to equivalent drug 

formulations. 

[79] 

Polymeric nanoparticles Ropinirole Parkinson's disease 

Following IN administration of 

Ropinirole hydrochloride-loaded 

chitosan nanoparticles, the brain 
bioavailability was found to be 

significantly higher compared with the 

drug solution. 

[80] 

Quantum dots NR NR 

The dots exhibited rapid delivery from 

the nasal cavity to the brain by olfactory 

absorption, directed by axonal transport 

after nasal administration. 

[81] 

Liposomes rivastigmine Alzheimer's disease 

The results indicated that the IN 

administration of rivastigmine solution 
and rivastigmine liposomes exhibited a 

superior distribution of rivastigmine and 

satisfactory retention in the CNS regions 
compared to IV administration. 

[82] 

Transfersomes Olanzapine Schizophrenia 

The drug delivery efficacy to the brain 

after IN administration of olanzapine-
loaded transfersomes, and nanocubic 

vesicles was higher compared to less 

deformable vesicles. 

[83] 

Polymeric nanoparticles Olanzapine Schizophrenia 

The results showed greater uptake of IN 

Olanzapine nanoparticles compared to 

IV and IN Olanzapine solutions, with 
respective uptake levels of 6.35 and 

10.86 times higher. 

[84] 

Polymeric nanoparticles Buspirone Anxiety disorder 

The study revealed that the brain's AUC 

was 2.5 times higher in the IN 

mucoadhesive formulation compared to 

the IV drug solution. 

[85] 

Lipid nanocapsules 18β-Glycyrrhetinic acid Alzheimer's disease 

IN administration of lipid nanocapsules 

containing 18β-Glycyrrhetinic acid 

improved memory loss induced by 
scopolamine at a dose 50 folds lower 

than when taken orally. 

 

[86] 

* AUC: Area under the curve, IN: Intranasal, IV: Intravenous, NPs, nanoparticles NR: Not reported, CNS: Central nervous system 
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Conclusions 

A variety of techniques have been 

implemented to address the issue of restricted 

brain delivery caused by the impeding BBB. 

However, the field of nanotechnology continues 

to have immense importance in the context of 

CNS delivery, since the extensive use of diverse 

nanocarriers has resulted in a broad spectrum of 

methodologies aimed at enhancing brain 

targeting. The IN route presents a promising 

option for delivering medications to the brain that 

have a restricted ability to pass across the 

BBB, especially when these drugs are combined 

with appropriate mucoadhesive agents, which can 

selectively bind to specific ligands on the 

surfaces of drug carriers. Furthermore, the 

transition from conventional delivery methods to 

customized multifunctional nanocarriers holds 

the potential to significantly enhance the efficacy 

of treatments for NDDs, which collectively 

contribute to approximately 11% of the global 

disease burden. However, the sole utilization of 

formulation techniques is insufficient to exploit 

this avenue fully. There is ongoing research and 

development of novel devices aimed at 

addressing the challenges posed by the 

anatomical structure of the nasal cavity. These 

devices are designed to target the deposition of 

formulations in the olfactory region of the nasal 

cavity. Therefore, it may be anticipated that in 

the forthcoming years, the administration of 

medicinal substances through the nasal route will 

necessitate the development of advanced 

automated delivery apparatuses to guarantee a 

precise, consistent dosage.  

Declarations  

Ethics approval and consent to participate  

Not applicable 

Availability of data and material  

All data generated or analyzed during this 

study are included in this published article in the 

main manuscript. 

Conflict of Interest 

The authors assert that there are no conflicts 

of interest. 

Funding Statement 

The author(s) received no specific funding 

for this work. 

Authors Contribution 

Equal contribution of the authors was ensured 

Acknowledgment  

The authors would like to acknowledge all 

colleagues in the Department of Pharmaceutics 

and Industrial Pharmacy, at the Faculty of 

Pharmacy, Ain Shams University for their 

support. 

3. References 

1.  Jagaran K, Singh M. Nanomedicine for 

Neurodegenerative Disorders: Focus on 

Alzheimer's and Parkinson's Diseases. Int J Mol 

Sci. 2021;22(16):9082. https://doi.org/ 

10.3390/ijms22169082.  

2.  Adam H, Gopinath SC, Arshad MK, Adam T, 

Subramaniam S, Hashim U. An Update on 

Parkinson's Disease and its Neurodegenerative 

Counterparts. Current medicinal chemistry. 

2023. 

https://doi.org/10.2174/09298673306662304030

85733. 

3.  Spuch C, Navarro C. Liposomes for targeted 

delivery of active agents against 

neurodegenerative diseases (Alzheimer's disease 

and Parkinson's disease). J Drug Deliv. 

2011;2011. 

https://doi.org/10.1155/2011/469679. 

4.  Patel V, Chavda V, Shah J. Nanotherapeutics in 

neuropathologies: obstacles, challenges and 

recent advancements in CNS targeted drug 



Alsamarrai et al., Arch Pharm Sci ASU 7(2): 482-501 
 

496 

delivery systems. Current Neuropharmacology. 

2021 Apr 1;19(5):693-710. 

 https://doi.org/10.2174/1570159X18666200807

143526. 

5.  Achar A, Myers R, Ghosh C. Drug delivery 

challenges in brain disorders across the blood–

brain barrier: novel methods and future 

considerations for improved therapy. 

Biomedicines. 2021 Dec 4;9(12):1834. 

 https://doi.org/10.3390/biomedicines9121834. 

6.  Cheng G, Liu Y, Ma R, Cheng G, Guan Y, Chen 

X, Wu Z, Chen T. Anti-Parkinsonian therapy: 

strategies for crossing the blood–brain barrier 

and nano-biological effects of nanomaterials. 

Nano-micro letters. 2022 Dec;14(1):105. 

https://doi.org/10.1007/s40820-022-00847-z. 

7.  Schreiner TG, Romanescu C, Popescu BO. The 

blood–brain Barrier—A key player in multiple 

sclerosis Disease Mechanisms. Biomolecules. 

2022 Apr 2;12(4):538. 

https://doi.org/10.3390/biom12040538. 

8.  Pardridge WM. Blood–brain barrier delivery. 

Drug Discov Today. 2007;12(1–2):54–61. 

https://doi.org/10.1016/j.drudis.2006.10.013. 

9.  Chen Y, Liu L. Modern methods for delivery of 

drugs across the blood–brain barrier. Adv Drug 

Deliv Rev. 2012;64(7):640–65. 

https://doi.org/10.1016/j.addr.2011.11.010. 

10.  Kanojia N, Thapa K, Kaur G, Sharma A, Puri V, 

Verma N. Update on Therapeutic potential of 

emerging nanoformulations of phytocompounds 

in Alzheimer's and Parkinson's disease. Journal 

of Drug Delivery Science and Technology. 2022 

Dec 9:104074. 

https://doi.org/10.1016/j.jddst.2022.104074. 

11.  Mitusova K, Peltek OO, Karpov TE, Muslimov 

AR, Zyuzin MV, Timin AS. Overcoming the 

blood–brain barrier for the therapy of malignant 

brain tumor: Current status and prospects of drug 

delivery approaches. Journal of 

Nanobiotechnology. 2022 Sep 15;20(1):412. 

https://doi.org/10.1186/s12951-022-01610-7. 

12.  Westphal M, Hilt DC, Bortey E, Delavault P, 

Olivares R, Warnke PC, et al. A phase 3 trial of 

local chemotherapy with biodegradable 

carmustine (BCNU) wafers (Gliadel wafers) in 

patients with primary malignant glioma. Neuro 

Oncol. 2003;5(2):79–88.  

13.  Simorgh S, Alizadeh R, Shabani R, Karimzadeh 

F, Seidkhani E, Majidpoor J, Moradi F, 

Kasbiyan H. Olfactory mucosa stem cells 

delivery via nasal route: a simple way for the 

treatment of Parkinson disease. Neurotoxicity 

Research. 2021 Jun;39:598-608. 

https://doi.org/10.1007/s12640-020-00290-1. 

14.  Nguyen TT, Nguyen TT, Tran NM, Van Vo G. 

Lipid-based nanocarriers via nose-to-brain 

pathway for central nervous system disorders. 

Neurochemical research. 2022 Mar 1:1-22. 

https://doi.org/10.1007/s11064-021-03488-7 

15.  Padmakumar S, Jones G, Pawar G, Khorkova O, 

Hsiao J, Kim J, Amiji MM, Bleier BS. 

Minimally invasive nasal depot (MIND) 

technique for direct BDNF AntagoNAT delivery 

to the brain. Journal of Controlled Release. 2021 

Mar 10;331:176-86. 

https://doi.org/10.1016/j.jconrel.2021.01.027 

16.  Paul G, Zachrisson O, Varrone A, Almqvist P, 

Jerling M, Lind G, Rehncrona S, Linderoth B, 

Bjartmarz H, Shafer LL, Coffey R. Safety and 

tolerability of intracerebroventricular PDGF-BB 

in Parkinson's disease patients. The Journal of 

Clinical Investigation. 2015 Mar 2;125(3):1339-

46. https://doi.org/10.1172/JCI79635. 

17.  Tufekci O, Yilmaz S, Karapinar TH, Gozmen S, 

Cakmakci H, Hiz S, Irken G, Oren H. A rare 

complication of intrathecal methotrexate in a 

child with acute lymphoblastic leukemia. 

Pediatric hematology and oncology. 2011 Aug. 

https://doi.org/10.3109/08880018.2011.563773 

18.  Fang F, Zou D, Wang W, Yin Y, Yin T, Hao S, 

et al. Non-invasive approaches for drug delivery 

to the brain based on receptor-mediated 

transport. Mater Sci Eng C. 2017;76:1316–27. 

http://dx.doi.org/10.1016/j.msec.2017.02.056. 

19.  Bukari B, Samarasinghe RM, Noibanchong J, 

Shigdar SL. Non-invasive delivery of 

therapeutics into the brain: the potential of 



Tactics Employed in the Treatment of Neurodegenerative Diseases 497 

aptamers for targeted delivery. Biomedicines. 

2020;8(5):120. 

http://dx.doi.org/10.3390/biomedicines8050120 

20.  Zhao Y-Z, Li X, Lu C-T, Lin M, Chen L-J, 

Xiang Q, et al. Gelatin nanostructured lipid 

carriers-mediated intranasal delivery of basic 

fibroblast growth factor enhances functional 

recovery in hemiparkinsonian rats. 

Nanomedicine Nanotechnology, Biol Med. 

2014;10(4):755–64. 

http://dx.doi.org/10.1016/j.nano.2013.10.009. 

21.  Hajnal K, Gabriel H, Aura R, Erzsébet V, 

Blanka SS. Prodrug strategy in drug 

development. Acta Marisiensis-Seria Medica. 

2016;62(3):356-

62.http://dx.doi.org/10.1515/amma-2016-0032 

22. Peura L, Malmioja K, Huttunen K, Leppänen J, 

Hämäläinen M, Forsberg MM, Rautio J, Laine 

K. Design, synthesis and brain uptake of LAT1-

targeted amino acid prodrugs of dopamine. 

Pharmaceutical research. 2013 Oct;30:2523-37. 

http://dx.doi.org/10.1007/s11095-012-0966-3. 

23. LeWitt PA, Huff FJ, Hauser RA, Chen D, Lissin 

D, Zomorodi K, Cundy KC. A double-blind 

study of the actively transported levodopa 

prodrug XP21279 in Parkinson's disease. 

Movement Disorders. 2014 Jan;29(1):75-82. 

http://dx.doi.org/10.1002/mds.25742. 

24.  Kaur M, Sodhi RK, Jyothi VG, Sree VH, Singh 

PK, Mehra NK, Khatri DK, Srivastava S, Singh 

SB, Madan J, Sardana S. Brain targeting drug 

delivery systems for the management of brain 

disorders: Molecular targets and 

nanotechnological strategies. InMultifunctional 

Nanocarriers 2022 Jan 1 (pp. 289-345). Elsevier. 

https://doi.org/10.1016/B978-0-323-85041-

4.00012-3 

25.  Markowicz-Piasecka M, Markiewicz A, Darłak 

P, Sikora J, Adla SK, Bagina S, Huttunen KM. 

Current chemical, biological, and physiological 

views in the development of successful brain-

targeted pharmaceutics. Neurotherapeutics. 2022 

Apr;19(3):942-76. 

https://doi.org/10.1007/s13311-022-01228-5 

26.  Pardridge WM, Kumagai AK, Eisenberg JB. 

Chimeric peptides as a vehicle for peptide 

pharmaceutical delivery through the blood-brain 

barrier. Biochem Biophys Res Commun. 

1987;146(1):307–13.  

27.  Mhambi S, Fisher D, Tchokonte MB, Dube A. 

Permeation Challenges of Drugs for Treatment 

of Neurological Tuberculosis and HIV and the 

Application of Magneto-Electric Nanoparticle 

Drug Delivery Systems. Pharmaceutics. 2021 

Sep 15;13(9):1479. 

 https://doi.org/10.3390/pharmaceutics13091479 

28.  Frankel AD, Pabo CO. Cellular uptake of the tat 

protein from human immunodeficiency virus. 

Cell. 1988;55(6):1189–93.  

29.  Kurrikoff K, Vunk B, Langel Ü. Status update 

on the use of cell-penetrating peptides for the 

delivery of macromolecular therapeutics. Expert 

Opinion on Biological Therapy. 2021 Mar 

4;21(3):361-70. 

https://doi.org/10.1080/14712598.2021.1823368 

30.  Wu Y, Angelova A. Recent Uses of Lipid 

Nanoparticles, Cell-Penetrating and Bioactive 

Peptides for the Development of Brain-Targeted 

Nanomedicines against Neurodegenerative 

Disorders. Nanomaterials. 2023 Nov 

23;13(23):3004. 

https://doi.org/10.3390/nano13233004. 

31.  Costantino L. Drug delivery to the CNS and 

polymeric nanoparticulate carriers. Future Med 

Chem. 2010;2(11):1681–701. 

https://doi.org/10.4155/fmc.10.249. 

32.  Kaur A, Nigam K, Bhatnagar I, Sukhpal H, 

Awasthy S, Shankar S, Tyagi A, Dang S. 

Treatment of Alzheimer's diseases using 

donepezil nanoemulsion: An intranasal 

approach. Drug Delivery and Translational 

Research. 2020 Dec;10:1862-75. 

https://doi.org/10.1007/s13346-020-00754-z. 

33.  Mahringer A, Puris E, Fricker G. Crossing the 

blood-brain barrier: A review on drug delivery 

strategies using colloidal carrier systems. 

Neurochemistry International. 2021 Jul 

1;147:105017. 



Alsamarrai et al., Arch Pharm Sci ASU 7(2): 482-501 
 

498 

https://doi.org/10.1016/j.neuint.2021.105017. 

34.  Khosa A, Saha RN, Singhvi G. Drug delivery to 

the brain. Nanomaterials for drug delivery and 

therapy 2019 Jan 1 (pp. 461-514). William 

Andrew Publishing. 

https://doi.org/10.1016/B978-0-12-816505-

8.00005-9. 

35.  De Leo V, Maurelli AM, Giotta L, Catucci L. 

Liposomes containing nanoparticles: preparation 

and applications. Colloids and Surfaces B: 

Biointerfaces. 2022 Jul 28:112737. 

https://doi.org/10.1016/j.colsurfb.2022.112737. 

36.  Lu H, Zhang S, Wang J, Chen Q. A review on 

polymer and lipid-based nanocarriers and its 

application to nano-pharmaceutical and food-

based systems. Frontiers in nutrition. 2021 Dec 

1;8:783831. 

https://doi.org/10.3389/fnut.2021.783831. 

37.  Farooque F, Wasi M, Mughees MM. Liposomes 

as Drug Delivery System: An Updated Review. 

Journal of Drug Delivery and Therapeutics. 2021 

Oct 15;11(5-S):149-58. 

http://dx.doi.org/10.22270/jddt.v11i5-S.5063. 

38.  Cevc G, Blume G. Lipid vesicles penetrate intact 

skin owing to the transdermal osmotic gradients 

and hydration force. Biochim Biophys Acta 

(BBA)-Biomembranes. 1992;1104(1):226–32.  

39.  El Zaafarany GM, Awad GAS, Holayel SM, 

Mortada ND. Role of edge activators and surface 

charge in developing ultra deformable vesicles 

with enhanced skin delivery. Int J Pharm. 

2010;397(1–2):164–72. 

http://dx.doi.org/10.1016/j.ijpharm.2010.06.034 

40.  Akram MW, Jamshaid H, Rehman FU, Zaeem 

M, Khan JZ, Zeb A. Transfersomes: a 

revolutionary nanosystem for efficient 

transdermal drug delivery. AAPS 

PharmSciTech. 2022 Jan;23:1-8. 

https://doi.org/10.1208/s12249-021-02166-9.  

41 H Ucisik M, B Sleytr U, Schuster B. Emulsomes 

meet S-layer proteins: an emerging targeted drug 

delivery system. Current pharmaceutical 

biotechnology. 2015 Apr 1;16(4):392-405. 

42.  Hwang D, Ramsey JD, Kabanov AV. Polymeric 

micelles for the delivery of poorly soluble drugs: 

From nanoformulation to clinical approval. 

Advanced drug delivery reviews. 2020 Jan 

1;156:80-118. 

https://doi.org/10.1016/j.addr.2020.09.009. 

43.  Ghezzi M, Pescina S, Padula C, Santi P, Del 

Favero E, Cantù L, et al. Polymeric micelles in 

drug delivery: An insight of the techniques for 

their characterization and assessment in relevant 

conditions. J Control Release. 2021;332:312–36. 

https://doi.org/10.1016/j.jconrel.2021.02.031 

44.  Jamkhande PG, Ghule NW, Bamer AH, 

Kalaskar MG. Metal nanoparticles synthesis: An 

overview on methods of preparation, advantages 

and disadvantages, and applications. Journal of 

drug delivery science and technology. 2019 Oct 

1;53:101174. 

https://doi.org/10.1016/j.jddst.2019.101174. 

45. Desai N, Momin M, Khan T, Gharat S, 

Ningthoujam RS, Omri A. Metallic 

nanoparticles as drug delivery system for the 

treatment of cancer. Expert opinion on drug 

delivery. 2021 Sep 2;18(9):1261-90. 

https://doi.org/10.1080/17425247.2021.1912008. 

46.  Chandrakala V, Aruna V, Angajala G. Review 

on metal nanoparticles as nanocarriers: Current 

challenges and perspectives in drug delivery 

systems. Emergent Materials. 2022 

Dec;5(6):1593-615. 

https://doi.org/10.1007/s42247-021-00335-x. 

47.  Cammalleri A, Croce P, Lee W, Yoon K, Yoo 

SS. Therapeutic potentials of localized blood-

brain barrier disruption by non-invasive 

transcranial focused ultrasound: A technical 

review. Journal of Clinical Neurophysiology: 

official publication of the American 

Electroencephalographic Society. 2020 

Mar;37(2):104. 

https://doi.org/10.1097/WNP.000000000000048

8. 

48.  Meng Y, Hynynen K, Lipsman N. Applications 

of focused ultrasound in the brain: from 

thermoablation to drug delivery. Nature Reviews 

Neurology. 2021 Jan;17(1):7-22. 



Tactics Employed in the Treatment of Neurodegenerative Diseases 499 

https://doi.org/10.1038/ s41582-020-00418-z 

49.  Kamimura HA, Flament J, Valette J, Cafarelli A, 

Aron Badin R, Hantraye P, Larrat B. Feedback 

control of microbubble cavitation for ultrasound-

mediated blood–brain barrier disruption in non-

human primates under magnetic resonance 

guidance. Journal of Cerebral Blood Flow & 

Metabolism. 2019 Jul;39(7):1191-203. 

https://doi.org/10.1177/0271678X17753514 

50.  Vykhodtseva N, McDannold N, Hynynen K. 

Progress and problems in the application of 

focused ultrasound for blood–brain barrier 

disruption. Ultrasonics. 2008;48(4):279–96. 

https://doi.org/10.1016/j.ultras.2008.04.004. 

51.  Keller L-A, Merkel O, Popp A. Intranasal drug 

delivery: Opportunities and toxicologic 

challenges during drug development. Drug Deliv 

Transl Res. 2021;1–23. 

https://doi.org/10.1007/s13346-020-00891-5.  

52.  Misra A, Jogani V, Jinturkar K, Vyas T. Recent 

patents review on intranasal administration for 

CNS drug delivery. Recent Pat Drug Deliv 

Formul. 2008;2(1):25–40.  

53. Feng Y, He H, Li F, Lu Y, Qi J, Wu W. An 

update on the role of nanovehicles in nose-to-

brain drug delivery. Drug discovery today. 2018 

May 1;23(5):1079-88. 

https://doi.org/10.1016/j.drudis.2018.01.005. 

54.  Mistry A, Stolnik S, Illum L. Nanoparticles for 

direct nose-to-brain delivery of drugs. Int J 

Pharm. 2009;379(1):146–57. 

https://doi.org/10.1016/j.ijpharm.2009.06.019. 

55.  Hazeri M, Farshidfar Z, Faramarzi M, 

Sadrizadeh S, Abouali O. Details of the 

physiology of the aerodynamic and heat and 

moisture transfer in the normal nasal cavity. 

Respiratory physiology & neurobiology. 2020 

Sep 1;280:103480. 

https://doi.org/10.1016/j.resp.2020.103480. 

56.  Samaridou E, Alonso MJ. Nose-to-brain peptide 

delivery–The potential of nanotechnology. 

Bioorg Med Chem. 2018;26(10):2888–905. 

https://doi.org/10.1016/j.bmc.2017.11.001. 

57.  Pires A, Fortuna A, Alves G, Falcão A. 

Intranasal drug delivery: how, why and what 

for? J Pharm Pharm Sci. 2009;12(3):288–311.  

58.  Martins PP, Smyth HDC, Cui Z. Strategies to 

facilitate or block nose-to-brain drug delivery. 

Int J Pharm. 2019;570:118635. 

https://doi.org/10.1016/j.ijpharm.2019.118635. 

59.  Crowe TP, Greenlee MHW, Kanthasamy AG, 

Hsu WH. Mechanism of intranasal drug delivery 

directly to the brain. Life Sci. 2018;195:44–52. 

https://doi.org/10.1016/j.lfs.2017.12.025. 

60.  Kashyap K, Shukla R. Drug delivery and 

targeting to the brain through nasal route: 

mechanisms, applications and challenges. Curr 

Drug Deliv. 2019;16(10):887–901. 

https://doi.org/10.2174/15672018166661910291

22740. 

61.  Hong S-S, Oh KT, Choi H-G, Lim S-J. 

Liposomal formulations for nose-to-brain 

delivery: recent advances and future 

perspectives. Pharmaceutics. 2019;11(10):540. 

https://doi.org/10.3390/pharmaceutics11100540. 

62.  Costa CP, Moreira JN, Lobo JMS, Silva AC. 

Intranasal delivery of nanostructured lipid 

carriers, solid lipid nanoparticles, and 

nanoemulsions: A current overview of in vivo 

studies. Acta Pharm Sin B. 2021;11(4):925–40. 

https://doi.org/10.1016/j.apsb.2021.02.012. 

63.  Cunha S, Amaral MH, Lobo JMS, Silva A. Lipid 

nanoparticles for nasal/intranasal drug delivery. 

Crit Rev Ther Drug Carr Syst. 2017;34(3). 

https://doi.org/10.1615/CritRevTherDrugCarrier

Syst.2017018693. 

64.  Gao H. Progress and perspectives on targeting 

nanoparticles for brain drug delivery. Acta 

Pharm Sin B. 2016;6(4):268–86. 

http://dx.doi.org/10.1016/j.apsb.2016.05.013 

65.  Pires PC, Santos AO. Nanosystems in nose-to-

brain drug delivery: A review of non-clinical 

brain targeting studies. J Control Release. 

2018;270:89–100. 

https://doi.org/10.1016/j.jconrel.2017.11.047 5. 

66.  Hoekman JD, Ho RJY. Enhanced analgesic 



Alsamarrai et al., Arch Pharm Sci ASU 7(2): 482-501 
 

500 

responses after preferential delivery of morphine 

and fentanyl to the olfactory epithelium in rats. 

Anesth Analg. 2011;113(3):641. 

https://doi.org/10.1213/ANE.0b013e3182239b8c

. 

67.  Djupesland PG, Skretting A. Nasal deposition 

and clearance in man: comparison of a 

bidirectional powder device and a traditional 

liquid spray pump. J Aerosol Med Pulm Drug 

Deliv. 2012;25(5):280–9. 

https://doi.org/10.1089/jamp.2011.0924. 

68.  Abo El-Enin HA, Mostafa RE, Ahmed MF, 

Naguib IA, A. Abdelgawad M, Ghoneim MM, et 

al. Assessment of Nasal-Brain-Targeting 

Efficiency of New Developed Mucoadhesive 

Emulsomes Encapsulating an Anti-Migraine 

Drug for Effective Treatment of One of the 

Major Psychiatric Disorders Symptoms. 

Pharmaceutics. 2022;14(2):410. 

https://doi.org/10.3390/pharmaceutics14020410 

69.  Wang L, Tang S, Yu Y, Lv Y, Wang A, Yan X, 

et al. Intranasal delivery of temozolomide-

conjugated gold nanoparticles functionalized 

with anti-EphA3 for glioblastoma targeting. Mol 

Pharm. 2021;18(3):915–27. 

https://dx.doi.org/10.1021/acs.molpharmaceut.0c

00911. 

70.  Newman L, Rodrigues AF, Jasim DA, Vacchi 

IA, Ménard-Moyon C, Bianco A, et al. Nose-to-

brain translocation and cerebral biodegradation 

of thin graphene oxide nanosheets. Cell Reports 

Phys Sci. 2020;1(9). 

https://doi.org/10.1016/j.xcrp.2020.100176. 

71.  Gallardo-Toledo E, Tapia-Arellano A, Celis F, 

Sinai T, Campos M, Kogan MJ, et al. Intranasal 

administration of gold nanoparticles designed to 

target the central nervous system: fabrication and 

comparison between nanospheres and 

nanoprisms. Int J Pharm. 2020;590:119957. 

https://doi.org/10.1016/j.ijpharm.2020.119957. 

72.  Deepika D, Dewangan HK, Maurya L, Singh S. 

Intranasal drug delivery of Frovatriptan 

succinate–loaded polymeric nanoparticles for 

brain targeting. J Pharm Sci. 2019;108(2):851–9. 

https://doi.org/10.1016/j.xphs.2018.07.013. 

73.  Salem HF, Kharshoum RM, Abou-Taleb HA, 

Naguib DM. Nanosized transferosome-based 

intranasal in situ gel for brain targeting of 

resveratrol: formulation, optimization, in vitro 

evaluation, and in vivo pharmacokinetic study. 

Aaps pharmscitech. 2019;20:1–14. 

https://doi.org/10.1208/s12249-019-1353-8. 

74.  El-Zaafarany GM, Soliman ME, Mansour S, 

Cespi M, Palmieri GF, Illum L, et al. A tailored 

thermosensitive PLGA-PEG-PLGA/emulsions 

composite for enhanced oxcarbazepine brain 

delivery via the nasal route. Pharmaceutics. 

2018;10(4):217. 

https://doi.org/10.3390/pharmaceutics10040217. 

75.  Singh D, Rashid M, Hallan SS, Mehra NK, 

Prakash A, Mishra N. Pharmacological 

evaluation of nasal delivery of selegiline 

hydrochloride-loaded thiolated chitosan 

nanoparticles for the treatment of depression. 

Artif cells, nanomedicine, Biotechnol. 

2016;44(3):865–77. 

https://doi.org/10.3109/21691401.2014.998824. 

76.  Upadhyay P, Trivedi J, Pundarikakshudu K, 

Sheth N. Comparative study between simple and 

optimized liposomal dispersion of quetiapine 

fumarate for diffusion through nasal route. Drug 

Deliv. 2016;23(4):1214–21. 

http://dx.doi.org/10.3109/10717544.2015.11203

64. 

77.  Lungare S, Hallam K, Badhan RKS. 

Phytochemical-loaded mesoporous silica 

nanoparticles for nose-to-brain olfactory drug 

delivery. Int J Pharm. 2016;513(1–2):280–93. 

https://doi.org/10.1016/j.ijpharm.2016.09.042. 

78.  El-Zaafarany GM, Soliman ME, Mansour S, 

Awad GAS. Identifying lipidic emulsions for 

improved oxcarbazepine brain targeting: In vitro 

and rat in vivo studies. Int J Pharm. 2016;503(1–

2):127–40. 

http://dx.doi.org/10.1016/j.ijpharm.2016.02.038. 

79.  Kaur P, Garg T, Vaidya B, Prakash A, Rath G, 

Goyal AK. Brain delivery of intranasal in situ 

gel of nanoparticulated polymeric carriers 

containing antidepressant drug: behavioral and 

biochemical assessment. J Drug Target. 



Tactics Employed in the Treatment of Neurodegenerative Diseases 501 

2015;23(3):275–86. 

http://dx.doi.org/10.3109/1061186X.2014.99409

7. 

80.  Jafarieh O, Md S, Ali M, Baboota S, Sahni JK, 

Kumari B, et al. Design, characterization, and 

evaluation of intranasal delivery of ropinirole-

loaded mucoadhesive nanoparticles for brain 

targeting. Drug Dev Ind Pharm. 

2015;41(10):1674–81. 

http://dx.doi.org/10.3109/03639045.2014.99140

0. 

81. Hopkins LE, Patchin ES, Chiu PL, 

Brandenberger C, Smiley-Jewell S, Pinkerton 

KE. Nose-to-brain transport of aerosolized 

quantum dots following acute exposure. 

Nanotoxicology. 2014 Dec 1;8(8):885-93. 

https://doi.org/10.3109/17435390.2013.842267. 

82.  Yang Z-Z, Zhang Y-Q, Wang Z-Z, Wu K, Lou 

J-N, Qi X-R. Enhanced brain distribution and 

pharmacodynamics of rivastigmine by liposomes 

following intranasal administration. Int J Pharm. 

2013;452(1–2):344–54. 

http://dx.doi.org/10.1016/j.ijpharm.2013.05.009. 

83.  Salama HA, Mahmoud AA, Kamel AO, Abdel 

Hady M, Awad GAS. Brain delivery of 

olanzapine by intranasal administration of 

transpersonal vesicles. J Liposome Res. 

2012;22(4):336–45. 

http://dx.doi.org/10.3109/08982104.2012.70046

0. 

84.  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(12):4169–76. 

http://dx.doi.org/10.1016/j.actbio.2011.07.025. 

85.  Khan MS, Patil K, Yeole P, Gaikwad R. Brain 

targeting studies on buspirone hydrochloride 

after intranasal administration of mucoadhesive 

formulation in rats. J Pharm Pharmacol. 

2009;61(5):669–75. 

http://dx.doi.org/10.1211/jpp/61.05.0017. 

 86. Gad SR, El-Gogary RI, George MY, Hathout 

RM. Nose-to-brain delivery of 18β-

Glycyrrhetinic acid using optimized lipid 

nanocapsules: A novel alternative treatment for 

Alzheimer's disease. International Journal of 

Pharmaceutics. 2023 Oct 

15;645:123387.https://doi.org/10.1016/j.ijpharm.

2023.123387 


