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ABSTRACT 

The pathogenesis of Alzheimer's disease (AD) is complicated and 

varied. The primary neuropathologic criteria for Alzheimer's disease 

diagnosis are still the presence of intracellular accumulation of 

hyperphosphorylated tau as neurofibrillary tangles and extracellular β-

amyloid deposition as neuritic plaques. Disease-modifying medicines 

(DMT) were scarcer in the past because pharmaceuticals, particularly 

those involving proteins and polypeptides, had a hard time passing 

across the blood-brain barrier (BBB). Different methods are employed 

to get the medicine over the blood-brain barrier after developments in 

drug delivery systems. Alzheimer's disease (AD) is a 

neurodegenerative brain illness that impairs thinking, memory, 

judgment, and focus, making it difficult for a person to carry out 

everyday tasks. The blood-brain barrier and additional barriers to oral 

and other routes, such as decreased bioavailability, quick metabolism, rapid excretion, and 

drug breakdown by enzymes and stomach juices, make it difficult to transfer drugs to the 

brain. The nose-to-brain medication delivery system is one of the innovative methods for 

targeting the brain that are being developed to get around the drawbacks of oral and other 

routes of administration. Since it avoids the blood-brain barrier, intranasal medication 

administration, also known as nose-to-brain drug delivery, is one of the safest, most efficient, 

and non-invasive ways to target the brain, according to this research. As a result, a variety of 

innovative methods, such as hydrogels, liposomes, in-situ gels, nanoparticles, and nano-

emulsions, are frequently employed to successfully treat Alzheimer's disease by 

circumventing the blood-brain barrier. 
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KEYWORDS: Different methods are employed to get the medicine over the blood-brain 

barrier after developments in drug delivery systems. 

 

INTRODUCTION 

One of the most prevalent and deadly neurodegenerative diseases in the world is Alzheimer's 

disease (AD). 
[1]

Smoking, vascular issues, advanced age, head trauma, family history, 

insufficient physical activity, and environmental factors are major risk factors for the 

illness.
[2] 

 

According to projections, dementia will affect more than 100 million people globally by 

2050, and the costs connected with it are expected to rise to USD 1 trillion in the years to 

come. One common sign of Alzheimer's disease is dementia, which increases with age, 

doubling roughly every five years after age 65 and increasing by roughly 50% after age 85. 

The accumulation of Aβ, which results in senile plaques, excessive tau phosphorylation, 

which causes neurofibrillary tangles (NFTs), impaired glial function, neuronal inflammation, 

and abnormalities in vascular activity are among the unique molecular characteristics of 

Alzheimer's disease.
[3,4] 

 

Compared to alternative administration methods, IN delivery has the following benefits: It 

avoids first-pass metabolism, is comparatively non-invasive, and has fewer adverse effects 

because the medicinal substance does not come into contact with other healthy organs.
[5] 

 

The transport or diffusion of substances directly to the brain via the olfactory mucosa 

pathway in the olfactory region is the most significant direct channel to the brain.
[6] 

 

There are several ways to help transfer drugs from the nose to the brain, including using drug 

delivery nanosystems and gelling formulations that prevent mucociliary clearance. In order to 

deliver our active pharmaceutical ingredient (API) to the brain, we decided to combine the 

two approaches by creating a nasal drug delivery composite nanosystem. Liposomes make up 

this formulation, which is a thermogelling system. First off, these carriers might give the 

medication advantageous properties like improved stability, mucoadhesion, and absorption. 

Second, employing gels improves absorption by lengthening the duration of the drug's 

residency in the nasal cavity. For the treatment of AD, several APIs packaged into 

nanoparticles and delivered intranasally were investigated.
[7,8,9] 

 

https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-024-01915-3#ref-CR1
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For instance, compared to the commonly used products, the intranasal injection of a liposome 

laden with donepezil greatly enhanced drug transport to the brain.
[10] 

 

Both hydrophilic and hydrophobic medications can be encapsulated in liposomes. 

Hydrophilic medications are trapped in the aqueous cavity, whereas hydrophobic compounds 

have affinity for the phospholipid bilayer.
[11] 

 

These studies have also suggested a number of possible benefits of intranasal administration. 

These include the nasal cavity's easy accessibility, which enables self-administration; 

enhanced patient compliance; a quick onset of action; decreased systemic exposure; and a 

decreased risk of peripheral side effects. These factors increase the likelihood that a dosage 

form with several advantages will be clinically developed, in addition to increased drug 

bioavailability in the brain.
[12,13]

 and based on the encouraging potential of the nose-to-brain 

route for brain targeting, we will provide an overview on the development of liposomes as a 

carrier for nose-to-brain drug delivery here. The transport methods by which medications 

supplied by the nose enter the brain are first summarized in this study. This is followed by a 

thorough summary of the most recent developments in the formulation of liposomes as an 

intranasally administered carrier. In order to gain a better understanding and provide insight 

into the development of liposomal formulations for nose-to-brain medication delivery, 

consequences and future views will be presented at the end.  

 

 

[Fig. 1]: Pharmacotechnical development of a nasal drug delivery composite 

Nanosystem. 

 

 

 

https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-024-01915-3#Fig1
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ALZHEIMER'S DISEASE 

The hallmarks of AD include behavioral abnormalities, memory loss, and cognitive 

difficulties. The disease systematically destroys the parts of the brain involved in learning, 

memory, and higher executive functions. Even though AD was identified over a century ago, 

the physiological alterations that lead to the illness were not identified for a long time.
[14] 

 

Clinically, AD is typified by cognitive deficits and a gradually worsening loss of 

memory.
[15],[16]

 The abnormal buildup of hazardous protein fragments in the neurological 

system, specifically intracellular accumulation of microtube-associated Tau protein and 

amyloid-beta (Aβ) deposition outside of neurons and within senile plaques, is mostly to 

blame for the patient decline. While Tau neurofibrillary tangles prevent vital nutrients and 

other substances from passing through neurons, Aβ is thought to contribute to cell death by 

disrupting neuron-neuron communication at synapses.
[17],[18],[19] 

 

 

[Fig.2]: Alzheimer's disease development. 

 

 

[Fig.3]: Pathological changes of neurons in AD. 
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THE ROUTE TAKEN BY DRUGS FROM THE NOSE TO THE BRAIN 

The mechanisms behind the direct nose-to-brain drug transport pathway remain unclear 

despite increased interest. However, it is generally accepted that drugs can enter the brain 

through both direct and indirect channels from the intranasal cavity.
[20,21]

 One is that drugs 

enter the brain directly through the olfactory or trigeminal pathways, and the other is that 

drugs enter the systemic circulation and then cross the blood-brain barrier to enter the 

brain.
[22]

 Intranasal (IN) injections offer a number of benefits for treating neurodegenerative 

diseases by delivering drugs straight to the brain. Due to considerations including drug size 

and cost, the BBB restricts the effectiveness of new treatments meant to treat memory loss 

and neurodegeneration by preventing them from penetrating the brain.
[23]

 As an alternative to 

the conventional parenteral and oral routes for the direct delivery of pharmaceuticals to the 

brain, intranasal (IN) administration has been proposed as a desirable method of achieving 

high drug levels in the brain. Because of the nasal cavity's special anatomical features, drugs 

can be delivered through this minimally invasive route with a quick onset of action and no 

hepatic first pass-effect.
[24]

 A therapeutic formulation must pass through the vestibular 

region's mucociliary clearance once it has been placed into the nose. Once within the nasal 

cavity, the medication can enter the central nervous system (CNS) directly through the 

olfactory or trigeminal nerves, or indirectly through the systemic circulation.
[25]

  

 

 

[Fig.4] (A) Intranasal structure involved in the possible drug transport and (B) the 

potential drug transport routes leading to brain uptake following intranasal 

administration. 
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Advantages of the nasal route 

The intranasal route has several benefits over other routes there, including
[26]

 

• The blood-brain barrier is circumvented. 

• It is a non-invasive, practical, and safe method of drug delivery.  

• It stops the gastrointestinal tract (GIT) from breaking down drugs.  

• It does not go through the liver's first-pass metabolism.  

• It makes medications with low molecular weight more bioavailable. 

 

INNOVATIVE MEDICATION DELIVERY TECHNIQUES ARE EMPLOYED TO 

IMPROVE BIOAVAILABILITY IN THE TREATMENT OF AD 

To counteract the drawbacks of conventional and alternative drug delivery methods to the 

brain through the nose, a number of innovative drug delivery systems are being developed. 

 

1) Nanoparticles 

The nanoparticles are colloidal solid particles with sizes ranging between 1 and 1000 nm. 

Penetration through the mucosal membrane by the paracellular transport via tight junction 

can be done only by the smallest nanoparticles of 1 to 100 nm size range Chitosan is 

produced when the crustacean cell's chitin is deacetylated. Chitosan is employed in intranasal 

delivery due to its bioadhesive qualities, which lengthen the drug's nasal residence period by 

preventing nasal evacuation.
[27] 

(Polymer-based nanoparticles) Poly (lactic-co-glycolic acid) 

(PLGA) is another polymer that is utilized to deliver nanoparticles through the intranasal 

route. Intranasal delivery of PLGA nanoparticles loaded with olanzapine improves 

medication absorption.
[28] 

 

2) Liposomes 

These are phospholipid vesicles with lipid bilayers encasing one or more aqueous portions. 

Depending on the medications' water and lipid solubility, they are either encased in a lipid or 

water layer.
[29] 

 

For example-Quercetin liposomes administered via the nasal route, for instance, have been 

shown to diminish the degeneration of cortical and cholinergic neurons in the hippocampus in 

a mouse model study of AD. 
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3) In-situ gelling system 

Prior to administration, they are liquid, but they go through a sol-to-gel transformation that 

can be brought on by any external factor, such as temperature, pH, ion change, magnetic 

fields, or biological environments.
[30,31] 

 

4) Hydrogels 

These are cross-linked 3-dimensional (3D) networks capable of absorbing high-water content 

and are compatible with biological systems.
[32,33] 

 

5) Nano-emulsions 

Both nanoscale globules and the nasal mucosa can absorb these lipophilic complexes. NEs 

come in two varieties: water-in-oil (w/o) emulsions and oil-in-water (o/w) emulsions. The 

primary purposes of oil-in-water (o/w) emulsions are to encapsulate lipophilic medications, 

shield them from enzymatic breakdown, increase their solubility in liquid media, control drug 

release, and boost bioavailability.
[34,35] 

 

For example-Rivastigmine-loaded nano-emulsion demonstrated a noticeably higher drug 

concentration in the brain than the solution in in vitro, drug release, and ex vivo diffusion 

investigations. Studies on nasal ciliotoxicity in goat nasal mucosa demonstrated that the 

optimized formulation did not cause nasal ciliotoxicity. 

 

6) Dendrimers 

Water-soluble or -insoluble, high- or low-molecular-weight compounds can be delivered by 

dendrimers, the most symmetric, hyperbranched, and homogenous nanosized carriers, by 

passive or active mechanisms via intravenous, intraperitoneal, or intranasal modes of 

administration. Due to the diffusion mechanism, in situ mucoadhesive gels demonstrated 

increased radioactivity in the brain following intranasal administration of aqueous, radio-

labeled siRNA-dendrimer complexes (dendriplexes).
[44] 

This study suggests that intranasal 

administration, which is used to treat AD, can reduce CNS side effects by lowering the 

plasma drug concentration.
[45] 
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[Table 1]: Several cutting-edge approaches to AD treatment. 

S.No Drug Delivery system Results of the study Reference 

01 

Rivastigmine 

(Cholinesterase 

inhibitor) 

Nano-emulsions 

Rivastigmine-loaded nano-emulsion 

demonstrated a noticeably higher 

drug concentration in the brain than 

the solution in in vitro, drug release, 

and ex vivo diffusion investigations.  

Studies on nasal ciliotoxicity in goat 

nasal mucosa demonstrated that the 

optimized formulation did not cause 

nasal ciliotoxicity. 

[36,37] 

02 

Donepezil 

(Cholinesterase 

inhibitor) 

Nano-emulsions 

Studies on drug diffusion in vitro 

and drug penetration in vivo 

revealed that donepezil penetrates 

the body very well through the 

intranasal route when compared to 

other methods.  

Polymers are a useful strategy for 

enhancing medication bio-adhesion 

and nasal mucosal penetration, 

which eventually raises donepezil's 

bioavailability. 

[38,39] 

03 miR-132 Nanoparticles 

Neuron survival and morphological 

homeostasis are maintained by miR-

132. Additionally, it improves the 

microenvironment of hematoma 

lesions, reduces cell death following 

cerebral bleeding, and exhibits 

protective effects following cerebral 

ischemia.  

When administered intranasally to 

mice models, wheat germ agglutinin 

(WGA)-nanoparticles (NPs)-miR132 

significantly increased the levels of 

synaptic protein expression in AD 

mouse models. 

[40] 

04 Donepezil HCl Hydrogels 

When compared to the oral 

donepezil tablets, the optimized 

hydrogel improved the average peak 

drug concentration and area under 

the curve (AUC) by 46% and 39%, 

respectively, when administered 

intranasally to the rabbit in the 

pharmacokinetics study. 

[41] 

05 Donepezil 
In situ-gelling 

system 

By extending the medication's nasal 

retention period and examining the 

impact of many factors on 

formulation creation, including 

temperature, pH, drug content, 

[42] 
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[Fig.5]: The graphical representation delineates the primary hallmarks of Alzheimer’s 

disease, elucidates the mechanisms underlying current treatment strategies, and 

outlines various intranasal treatment approaches for Alzheimer’s disease management 

based on nanocarriers. 

 

NEED FOR NANOTECHNOLOGY AS A THERAPEUTIC STRATEGY ACROSS 

THE BBB 

Promising medications exist to prevent Aβ toxicity.
[46] 

However, nanocarriers must be used in 

order to investigate their greatest impact on CNS cells. The main problem in the realm of 

treatments for AD is the availability of medications in the central nervous system. The 

primary cause is the existence of a fully functional semipermeable blood-brain barrier (BBB), 

which acts as a barrier to the transmigration of neurotherapeutic molecules (such as 

medications, peptides, vectors, and molecules) into the central nervous system. Effective 

delivery of therapeutic medicines is thwarted by the BBB and its selective transport of 

molecules into the brain. Furthermore, because high dosages of medications are required to 

achieve levels beyond the brain's minimum effective concentration, the BBB also has a 

detrimental impact on drug efficacy and tolerance. These issues can be resolved by using 

nanotechnology, which includes nanoparticulate systems, which can operate as Trojan horses 

viscosity, and others, the formulation 

was created to improve the drug's 

nasal bioavailability. 

06 Quercetin Liposomes 

Quercetin liposomes administered by 

nasal route have been shown to 

prevent the degeneration of cortical 

and cholinergic neurons in the 

hippocampus, according to a mouse 

model study of AD. 

[43] 
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for moving active chemicals across the blood-brain barrier, lowering toxicity and enhancing 

therapeutic effectiveness.
[47,48] 

 

 

[Fig.6]: Semipermeable blood–brain barrier and transmigration route of the 

nanoparticles. 

  

Drugs' pharmacokinetics and pharmacodynamics are improved and their toxicity is decreased 

when they are used in nanoplatforms or nanodevices. Drug transport and controlled release 

into disease areas are crucial components of the development of nanomedicine. Therefore, 

using drug-delivery systems based on nanotechnology can improve a treatment's efficacy. 

These novel platforms seek to decrease adverse effects while enhancing drug 

pharmacokinetics, pharmacodynamics, and bioavailability across the blood-brain barrier. 

 

In summary, new developments in nanotechnology provide promising medicinal and 

diagnostic alternatives. With the help of NPs that are 100 nm in size, targeted medication 

delivery can successfully raise drug bioavailability across the blood-brain barrier and into the 

central nervous system with little to no adverse effects. Additionally, these nanoparticles are 

made to be biocompatible, which lowers toxicity. Additionally, when their magnetic and 

optical qualities improve, they could be effective substitute agents for early detection.
[49] 

 

Additionally, magnetoelectric nanoparticles (MENPs) are among the most effective 

nanocarriers. They have been extensively researched for their ability to deliver medications to 

target locations on-demand without causing side effects and noninvasively across the blood-
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brain barrier. The on-demand release capability is crucial because it guarantees the delivery 

of precise dosages of medications that are physiologically effective without being harmful
[50-

53] 

 

CHALLENGES FOR CLINICAL TRANSLATION 

Since the invention of NPs, a variety of forms—including silica, hydrogels, liposomes, metal 

NPs, silver NPs, gold NPs, and magnetic NPs—have been used quickly in drug-delivery 

research. At the clinical level, NPs are being investigated for CNS medication delivery. The 

idea of individualized nanomedicine, which could revolutionize drug transport across the 

blood-brain barrier and lead to better health care and more options to battle CNS illnesses, is 

being supported by the US Food and Drug Administration (FDA) and National Institutes of 

Health.
[54]

 The effectiveness of CNS nanomedicine preclinical research
[55-58] 

could serve as a 

foundation for a clinical examination of these tactics to investigate availability, toxicity, 

efficacy, and biocompatibility at the human-patient level. Numerous factors, including as 

patient variability, genetic and environmental impacts, the co-occurrence of numerous 

disorders, toxicity, effectiveness, and bioavailability in the brain, influence the clinical 

translation of these NPs against CNS diseases at the patient level. These NPs can be created 

and altered to deliver personalized nanomedicine, which may be more advantageous for the 

individual, based on the patient-disease profile. This necessitates a thorough comprehension 

of the illness mechanism; bioinformatics-based predictive techniques can even be used to 

comprehend the course of the disease and then develop a treatment plan appropriately. 

Regarding CNS treatment. 

 

The significance of using nanotechnology for medication delivery, disease diagnosis, and 

therapeutic applications has been emphasized in a number of studies. The effectiveness of 

these preclinical and in vivo investigations has encouraging potential to be converted to 

clinical levels, even if the majority of present research is at the preclinical level. The main 

obstacles to the clinical application of tailored nanomedicine for the treatment of CNS 

disorders are safety, effectiveness, and regulatory concerns. Although new techniques like 

ultrasound-mediated BBB disruption, which involves noninvasively opening the BBB and 

applying external stimulation like focused ultrasound or electromagnetic fields, may show 

promise, they may also have unintended consequences like neurobehavioral abnormalities or 

infection due to the entry of undesirable molecules.
[59]

 Because they can alter the intrinsic 

properties of the introduced NPs by heating them or changing their surfaces, controlled 
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parameters of these stimulations are crucial at the clinical level. They can also upset the 

CNS's homeostasis by disrupting the permeability of the blood-brain barrier, which allows 

unwanted circulating molecules to flow inward and cause neurotoxicity, dysfunction, 

immunohyperactivation, inflammation, reactive oxygen species release, synaptic damage, and 

oxidative stress, all of which can result in neuronal injury.
[60,61]

 As a result, although research 

based on nanotechnology shows promise, there is still much work to be done before it can be 

applied to bedside therapy. For clinical trials to be effective, the problems of toxicity, 

bioavailability, pharmacokinetics, clearance, and metabolism of NPs must be addressed 

immediately. The FDA has identified several problems, including those related to NP 

biodistribution, modalities of administration, NPs' capacity to transport multiple medications, 

effective transmigration across the blood-brain barrier, risk assessments, toxicity, standards, 

safety, protocols, and validation.
[62]

 By introducing surface functionalization, preservation 

techniques to reduce the negative effects of external stimulation, and extending the duration 

of drug availability in the central nervous system, efforts are being made to address the 

problems of biocompatibility, surface functionalization, endosomal entrapment, enzymatic 

degradation, and off-targeting. Making nanotherapeutics accessible at the patient level is 

essential for the success of upcoming clinical trials, but the transition to personalized 

nanomedicine is difficult. 

 

FUTURE PERSPECTIVES IN TREATMENT OF ALZHEIMER’S DISEASE 

Since powder dosage forms and specially made devices can get past the nasal vestibule and 

nasal valve, the two main obstacles in the olfactory epithelium, they are currently being 

investigated for improved nasal delivery of essential actives. According to reports, particles 

with sizes between 1 and 10 μm are best suited for improved olfactory deposition.
[63]

 The 

translational phase of clinical studies for the promising administration of insulin and 

sumatriptan has begun for several of these specialized intranasal targeting devices. Insulin is 

delivered from the nose to the brain without contamination thanks to an aero pump system 

(Aero Pump, Germany) that uses a spring mechanism and an incorporated backflow barrier. 

For long-term, daily dosing, the finger-actuated, metered nasal dispenser (PharmaSystems, 

Canada) is a reliable intranasal delivery system that is primarily advised for peripheral 

effects. Hydrofluoroalkane is used as a gas propellant in the semi-disposable, unit-dose 

Precision Olfactory Delivery® (Impel Neuropharma, USA) device to transport liquids and 

powders to the olfactory epithelium, ensuring uniform dosage with improved brain 

bioavailability. With the least amount of pharyngeal deposition, electronic atomizers create a 
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vortex of nebulized particles to improve uptake in the upper nasal cavity. ViaNaseTM (Kurve 

Technology, Inc., Lynnwood, WA, USA) is one such device that has been designed for better 

insulin delivery from the nose to the brain and precise dosing. This device enhances cortical 

blood flow, vasoreactivity, and cognition. 

 

The possibilities for AD treatments are growing as a result of additional pharmaceutical and 

biotechnological developments. Because mesenchymal stem cells (MSCs) release 

neurotrophic factors, they have been shown to have neuroprotective properties that can help 

cure intractable neurological diseases.
[64] 

By avoiding direct implantation, the intranasal mode 

of delivery enhances the therapeutic potential of MSCs. In APP/PS1 AD mice, intravenous 

treatment of MSC secretome showed cell-mediated neuroreparative effects, resulting in a 

week-long transient memory recovery. Therefore, a long-term intranasal treatment plan was 

evaluated and demonstrated sustained memory recovery with a notable reduction in plaques 

surrounded by β-amyloid oligomers. To improve the viability, success rate, and clinical 

effectiveness of gene delivery, vaccines, and simulated nasal casts in neurotherapies for AD, 

dementia, or Parkinson's disease, researchers are currently investigating the nose-to-brain 

administration method. summarizes clinical research on intranasal administration of 

vaccinations, chemicals, and stem cells. based on information retrieved from the 

ClinicalTrials.gov database (ClinicalTrials.gov database). Phase 1/2/3 trials number over 130. 

More proof is needed, nevertheless, that intranasal neurotherapeutic formulations are simple 

to clinically translate and introduce to the market. This might be achieved through the use of 

nanoformulation and an understanding of immunological and mechanistic elements. 

 

CONCLUSIONS 

Since the intranasal route offers many benefits over traditional routes of administration, 

including direct transport from the nasal cavity to the brain without crossing the blood-brain 

barrier, it has a lot of potential as an alternate route of administration in the treatment of AD. 

Mucoadhesive polymers, prodrugs, absorption promoters, and other technological solutions 

must be used to optimize the formulations' physicochemical properties in order to achieve 

good bioavailability in the brain. in order to prevent the physiological processes of removal 

from the nasal cavity and to be appropriate for this mode of transportation. Lipid-based 

nanosystems, in particular nanostructured lipid carriers, have demonstrated the greatest 

promise as efficient systems for obtaining medication access to the brain from the nasal canal 

among the numerous technical approaches studied to optimize intranasal formulations. 
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Because of their stability, physiological compatibility, and capacity to overcome obstacles 

related to other nanocarriers, they have attracted a lot of attention. No medications currently 

on the market have been approved for intranasal administration in the treatment of AD.  

 

By avoiding the blood-brain barrier, the nose-to-brain drug delivery system effectively targets 

the brain, improving efficacy, permeability, retention, absorption, and bioavailability while 

posing a much lower risk of side effects than traditional drug delivery methods. This makes it 

an advantageous treatment option for Alzheimer's disease. It is anticipated that new nasal 

products, including medications for chronic illnesses, novel nasal vaccines, and medications 

that directly target the brain and guarantee a therapeutic effect on the central nervous system 

with fewer side effects, will continue to enter the market due to the broad interest in nasal 

drug delivery and its potential advantages. Thus, there will be a lot of research and 

development of new technologies in this growing business in the upcoming years. 
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