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Comprehensive review deals with the intranasal drug delivery from nose to brain for
managing Alzheimer’s disecase. Notably, intranasal drug delivery has shown
neuroprotective effects like Ap-amyloid protein, tau protein and synaptic plaques. In
preclinical studies and clinical trials intranasal drug delivery has shown rapid and
extensive distribution throughout the brain. Mechanism of nose to brain drug delivery
with its pathophysiology has been shown in this review. It shows the detailed
emphasises review on nanoparticles used for drug delivery and the liposomes as a carrier
for the Alzheimer’s disease, it also deals with the various challenges and the needs for
the drug delivery. Liposomal drug delivery systems offer several advantages over
traditional methods for delivering drugs and nucleic acids from the nose to the brain
Many in vivo and invitro models are being studied in the review.

INTRODUCTION

A] Introduction

with the centre instruments of the malady (1).
Dementia is the fifth driving cause of passing all
inclusive (2) and Advertisement the fourth driving
cause of disability-adjusted life-years (DALYYS)
misplaced in people matured 75 a long time and

Alzheimer's malady, the most predominant cause
of dementia, is still characterized by the combined
nearness of amyloid and tau, but analysts are
slowly moving absent from the straightforward
suspicion of straight causality as proposed in the
unique amyloid theory. Age-related, defensive,
and disease-promoting variables likely connected

more seasoned (3). In expansion, most patients
have one or more family caregivers who commit
time and exertion in unpaid care, coming about in
mental dismalness, social segregation, physical
sick wellbeing, and money related hardship. We
see two critical confinements to this narrative (4).
AD is the essential cause of feebleness in swarm
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over the age of 60. Around 50-75% of individuals
going with feebleness have Alzheimer’s. As per
the scientific file calm common, females are more
subordinate on something Advertisement than
men, and the chance increments indeed taking
after age. Individuals going with cardiovascular
sufferings, hypertension, and diabetes are too at
greater chance of bearing Advertisement
afterward. This no question is the prevalent cause
of raised Advertisement cases in immature
nations, owing to population’s behaviour. Patients
going with impartial appearances comparative to
Alzheimer’s but not appearance a few
pathophysiology had association with the torment,
perhaps the things who are stressed approximately
self-evident steady failure to keep in mind indeed
when talented is no encapsulation for impedance.
This condition is well known as ‘anxious well’, the
possessions of inebriating and drugs, and
individuals as political entirety going with
emotional ailments appear previously mentioned
appearances. Other neurodegenerative disarranges
going with Advertisement like signs contain
frontotemporal dementia and Lewy outline
feebleness; instigative, metabolic and catching
condition; vascular shrewdly impedance; and a
progression of causes that include restricting rest
apnoea and brief epileptic memory misfortune (5).

B] Overview of Alzheimer’s disease

We erect that despair and brilliant degradation
were the first syndromes to act in 98.5% and
99.1% of belongings in a study following late-
attack AD (LOAD) and 9% and 80%, separately,
in early-attack AD (EOAD). Memory required
gave early and was knowledgeable 12 age before
the clinically demarcated AD dotage in the LOAD.
However, the fast growing late-attack AD allotted
primarily following 35 non-settled concern a focus
syndromes and signs holding myoclonus (75%),
disorganized walks (66%) and severity. These
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were misdiagnosed as syndromes of Creutzfeldt-
Jacob illness (CJD) efficiently the cases. The wife
accompanying antagonistic miniature-mindset test
score of 25 waited available 2 age, that is to say
agreeable accompanying current situation of the
wholesome child limbs (6).The verdicts
concerning this study support the well proved high
predominance of BPSD in cases accompanying
AD. Our study erects that most types of BPSD
were not guide ailment severity except that
delusion. This judgment increases an increasing
literature on BPSD in sufferers accompanying AD.
Interestingly, the study revealed that shaking was
the only syndrome that was powerfully associated
with two together caretaker burden and despair (7).

Symptoms of Alzheimer’s disease include:

The first syndromes are frequently mistakenly
from  developing or  stress.  Detailed
neuropsychological testing can disclose gentle
cognitive troubles until eight ages before a person
conforms the dispassionate criteria for disease of
Alzheimer's disease. These early syndromes can
affect ultimate complex exercises of regularly
living. The most noticeable required is temporary
memory deficit, that shows up as trouble in
remembering currently well-informed facts and
failure to achieve new information. Subtle
questions accompanying the executive functions
of consideration, planning, elasticity, and abstract
thinking, or degradations in pertaining to syntax
thought (thought of meanings, and idea
connections) can likewise signify of the beginning
of Alzheimer's disease. Apathy and cavity can be
visualized at this stage, accompanying
indifference staying as ultimate persistent
manifestation during the whole of the course of the
affliction. Mild (MCI) is frequently erect to be an
erratic stage ‘tween common fermenting and
senility. MCI can present accompanying a variety
of manifestations, and when thought deficit is the
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ruling manifestation, it is termed forgetful MCI
and is repeatedly visualized as a above stage of
Alzheimer's disease. Amnesic MCI has a more
90% likelihood of being guide (8).

The Stages of Alzheimer’s Disease

The clinical phases of Alzheimer’s disease can be
classified into: -

e Pre-dispassionate or the pre-indicative stage,
that can last for various age or more. This stage
IS characterized by temperate thought deficit
and early unhealthy changes in bark and
hippocampus, accompanying no working
degradation in the often actions and absence of
dispassionate signs and manifestations of AD.

e The gentle or beginning of AD, place various
syndromes start to perform in inmates, such as
a trouble in the regular history of the patient
accompanying a deficit of aggregation and
thought, puzzlement of place and opportunity,
a change ready, and a growth of despair.

e Moderate AD stage, at which point the
affliction spreads to cerebral layer districts that
results in a raised thought loss scarcely

knowledge, writing, and talking. Severe AD or
late-stage, that includes the spread of the
disease to the complete bark area
accompanying a harsh growth of neurotic
plaques and  neurofibrillary  tangles,
developing in a growing functional and
intelligent deterioration place the patients
cannot understand; their offspring at all and
can enhance ill with troubles in taking into
throat and urination, and someday superior to
the patient’s demise due to these confusions

(8).

R

+» Risk Factors of Alzheimer’s Disease
e Redefining Alzheimer's Disease: -

For decades, AD has happened outlined as a
clinical-healing assemble called “likely or feasible
AD” and has been habitual all the while autopsies
apiece closeness of Neuritic plaques and
neurofibrillary tangles. As a consequence, the term
AD has been used to specify two together the
neuropathological entity in addition to the typical
clinical disease of thought loss and different
intelligent problems. Over the following quarter-

understanding offspring and friends, a centennial, questions at this  moment
misfortune of drive control, and trouble in  conceptualization arose (9).
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Fig1.The risk factors for Alzheimer’s disease (8)

+« Distinguishing AD dementia from other
major forms of dementia

Alzheimer’s ailment (AD) is a deteriorating brain
affliction that frequently starts in late life and
results in a liberal senility. AD is distinguished
pathologically by neuronal atrophy, synapse
deficit and the uncommon aggregation of amyloid-
B protein (AP) as senile plaques and
hyperphosphorylated tau protein as neurofibrillary
tangles. In most cases, neurofibrillary tangles
originally include middle temporal flap forms (for
instance, hippocampus and entorhinal cortex) and
therefore stretch to worldly, parietal and frontal
flap partnership districts as the disease progresses,
while AP dethroning starts in parietal, momentary
and frontal partnership districts. Primary
neurological and motor cortices and most
subcortical forms are approximately forgiven until
late in the affliction process. Degeneration in basic
forebrain makeups results in a major decline of
cortical, limbic and hippocampal cholinergic
projections. The usual senility syndrome of AD is
from important intermittent memory deterioration,
accompanying subordinate deficits in discussion-
verdict abilities, spatial understanding and
executive functions (10).

< The role of the
Alzheimer’s disease

immune system in

These are myeloid containers (like microglia) and
form unspecified the first line of defence against
contamination by microorganisms in the way that
microorganisms, viruses and fungi. Cells of the
inherited invulnerable arrangement have a
collection of beginning-line encrypted pattern-
recognition receptors (PRRs) that recognise the
conserved microscopic patterns on penetrating
structures  famous as  pattern-befriended
microscopic patterns (PAMPs). In addition, the
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PRRs sense hazard-joined microscopic patterns
(DAMPs), that are announced all along occurrence
of clean redness in the way that machinelike
confusion or blood deficiency. PRRs are widely
detached into four categories, Toll-like receptors
(TLR), Nucleotide-binding oligomerization rule-
like receptors (NLR), C-type lectin receptors
(CLR) and RIG-1 like receptors (RLR) (11).

C] Pathophysiology of Alzheimer’s
dementia: -

type

There are a lot of neurons in the intelligence, each
holding an axon and various dendrites. Neurons
demand ideas, absorption, and self-repair in
consideration of be healthful. All three of these
important tasks are upset by AD. Neuritic plaques/
B-amyloid plaques and neurofibrillary tangles
(NFTSs) are two of AD's different lesions. Firstly,
in the case of Neuritic plaques, deposits of the -
amyloid protein fragment amplify in the breach
middle from two points nerve containers
(neurons). The component of amyloid memorial is
the amyloid forerunner protein (APP) that sticks
through the neuron sheet, and enzymes like B-
secretase and o-secretase cut the APP into
fragments of protein (neurotoxic AP42 fragments),
containing f-amyloid. Thus f-amyloid fragments
meet in clumps to form plaques. Numerous of
these aggregates evolve in AD, obstruct the
function of neurons. This for the most part impacts
the hippocampus and different parts of the using
one's brain layer. Secondly, in the case of NFTs,
microtubules compensate any of the within
support makeup of neurons. Microtubules are
helped in their cohesion by a protein famous as tau.
When “tau” is changed in AD, the microtubules
decay, and the tau protein collects to form
neurofibrillary tangles (Tsering and Prokop,
2023). However, further all along AD, neurons
from few regions of the mind, exceptionally the
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rind and limbic domain, containing the
hippocampus and amygdala, evenly shame and
eventually bring about the obliteration of the
neurons, on account of that the intelligence is

Healthy Neuron

Microtubule structure

stated expected tinier in breadth, folds and grooves
of external coatings are dwindle, and ventricles are
best distinguished to an active mind (13).

Neuron with Alzheimer

Fig2. Main differences between a healthy brain and a brain with Alzheimer-type dementias (14)

D] Therapeutic approaches for stem cell
therapy

Stem cell therapy: -

Stem vessel drug has been noted anticipated a
disease- lessening situation for Alzheimer’s
disease(announcement). After the collapse to
develop new medicines for announcement, the
number of studies on stem holders, in the way that
mesenchymal stem holders(MSCs) and affecting
amp whim-whams organs stem holders( NSCs),
has raised from the early 2000 s. Issues pertaining
to stem holders have happed examined in
numerous beast studies in conditions of stem
vessel commencement, isolation effectiveness,
pattern of education, tumour composition, cure
route, and mobility. Since 2010, primarily in East
Asia, judges started equitable tests fact- chancing

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

the use of stem cells for announcement. Two state
| tests on moderate announcement have been
achieved; though they told no harsh acute or
general responses, no important equitable
effectiveness was noticed. Several studies, which
include more advanced study designs exercising
colourful needle routes, well- established scales,
and biomarkers in the way that amyloid positron
allocation tomography, are believe gentle to
moderate announcement subjects. Then, we
review the idea of stem cell remedy for
announcement and the progress of current
equitable tests (15).

E] Mechanism of intranasal drug delivery to
the brain: -

In this review, the carnal pathways and makeups
had connection with medicine transfer from the
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nasal crater to the mind are presented by separating
bureaucracy into natural and lymphoid types.
Figure shows a diagrammatic delineation of the
physiologic schemes complicated in nasal- mind
medicine transfer. The direct routes of medicine
parturition from the nasal crater (inky spotted
arrows in Fig. A, B, and D) to the intelligence and
cloverleaf routes (sky spotted arrows in Fig. B —
D) through the abecedarian distribution were
described. Brain targeting through the intranasal
route generally occurs through three pathways the
respiratory pathway( a circular route), the
olfactory pathway, and the trigeminal pathway( a
direct route) (16).Intranasally administered
medicines can travel through different pathways,
including immersion by the nasal mucosa into the
systemic rotation, axonal transport to the olfactory
bulb, or direct entry through the trigeminal whim-
whams (17). Both the olfactory and trigeminal
pathways are considered effective and safe routes

A. Olfactory pathway

B. Respiratory pathway

Neugimory M
Iagen L ity

......
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for delivering active substances to the brain
(18).Gaining a comprehensive understanding of
the mechanisms underpinning these pathways is
essential for  contriving effective  remedial
strategies for Alzheimer’s  complaint. The
olfactory neuronal pathway encompasses intra-
and extra-neuronal mechanism (19), gauging the
olfactory epithelium, olfactory bulb, and lamella
propria. Administered medicines reach the
olfactory bulb from the olfactory region through a
transcellular medium. also, colourful mechanisms
similar as paracellular transport, transcytosis, and
prolixity, as well as the involvement of efflux
transporters (20), can come into play grounded on
the physicochemical parcels of the medicine. The
olfactory bulb serves as a direct conduit for
distributing the  medicine to different brain
regions, including the piriform  cortex,
hypothalamus, and Amygdala(21).

C. Systemic pathway via BBB

othesial ool

D NALT
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Fig 3. Schematic drawing of the physical orders
involved in drug childbirth from the nasal crater to
the intellect. The having fragrance road (A), the
respiring pathway (B), the integral road through
the BBB (C), and NALT (D) are bestowed as
attainable pathways for nasal-intellect drug
transfer. BBB and NALT are blood-brain-
impediment and nasopharynx-mixed lymphoid
fabric, individually. In A, a—c shows transcellular
(through  olfactory  epithelial  containers),
paracellular (through affecting animate nerve
organs epithelial containers), and affecting
animate nerve organs nerve pathways,
individually. The angry dotted arrows in A, B, and
D display direct drug transmittal routes from the
nasal crater to the intelligence. The blue spotted
arrows in B-D indicate unintended drug transfer
pathways from the nasal crater to the mind (22).

F] Nano particles for nose to brain delivery: -

In nanoparticle-located arrangements have been
explained to raise the permeability and
assimilation of drugs, their uptake in the affecting
animate nerve organs domain, and their approach
and accumulation into the CNS. At the same time,
they can defend healing powers from degradation
and forbid their extracellular transport by
extroverted transporters. Moreover, the blend of
nanotechnology with additional game plans has
granted to favour the accumulation of IN
nanoparticulate-located wholes into the CNS.
Several surfactants are used to simplify drug
permeation, to a degree pegylated fragments,
while mucoadhesive polymers intelligent to
interact accompanying mucin, to a degree
chitosan, are used to extend its palace opportunity.
On the other hand, combining cell-stinging
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peptides (CPP) that can communicate
accompanying biological membranes advances
natural rude answer. The use of nanoparticulate-
based arrangements together with added plannings
in the way that incorporating transportation
enhancers and/or mucoadhesive powers, with
others, has authorized to gain a taller degree of
discriminating drug transfer to the mind. Different
nanoparticulate-based structures have proved
hopeful in vivo results related to pharmacokinetic
limits in the mind later an IN administration.
Important mind pharmacokinetic limits were
reinforced, increasing Cmax (maximum drug
aggregation in the goal fabric), area under the
curve (AUC, matching to the complete of the body
tissue concentration —or fabric aggregation— of
a drug against an outlined time pause), and mean
memory opportunity, while reducing Tmax
(period wanted to gain the Cmax in the target side
(23). Although progress has been positive, there
are still persistent limitations and challenges that
must be addressed to achieve consistent and
predictable nose-to-brain drug delivery. First of
all, the intranasal administration dosage is really
limited, with young men and women having a nose
volume of about 6cm® and can only be
administered under 200 pl. Moreover, the rapid
clearance of drugs from the nasal cavity and the
potential for enzymatic degradation present
hurdles that require further investigation. Also, the
nasal mucus, nasal epithelium, and lamina propria
collectively form the inherent anatomical barrier to
the nose-to-brain drug delivery. Last but not least,
the possible toxicity on nasal cilia or different
nasal cells, the generation of local inflammation,
and the potential systemic effect are the primary
safety concerns (24).

277 | Page



Kirti Dewaikar, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 7, 271-285 |Review

POLYMER NANOCARRIERS
FOR BRAIN DELIVERY VIA DE INTRANASAL ROUTE

Mucus penetrating NP \

Functionalizing agents

-Tween 80 &
-Poloxamer 407 3

-PEG

Mucoadhesive NP

Functionalizing agents

- Chitosan

- Chitosan derivatives:
chitosan-g-poly (methyl
methacrylate)
and poly (vinyl alcohol)-g-poly
(methyl methacryliate) > SRS

Olfactory Targeting NP

Functionalizing agents ,.- .,_
- Lactoferrin .: .:..
- Wheat Germ Agglutinin(WGA) R \'z
- Sofanum Tuberosum Lectin (STL) \

- Ulex Europeus Agglutinin | (UEA-1)
- Lectin like peptides Odorranalectin (OL)

NP with cell penetrating peptides

Functionalizing agents

- Positively charged oligopeptides .' pa——
containing arginine and lysine g
residues \

- Transactivator of transcription (TAT)
peptide of the human inmunodeficiency virus

MAIN BLOCKS

- Synthetic polymers
- Semi Synthetic polymers
- Natural polymers (Biopoiymers)

MAJOR CHALLENGES

- High drug-loading efficiencies

- Effectiveness of targeting systems
- Safety and regulatory issues

- Complexity in the CNS diseases

- Gap between laboratory and clinic

Fig4. Different explored strategies to ameliorate the nose-to-brain drug delivery using polymer NP (23).

G] Amyloid Beta Precursor Protein Processing:

In AD subjects, the digesting of APP is finished by
accruing operation of beginning- and gamma-
secretases that produce mysterious peptides,
amyloid-testing, that cluster together to form
amyloid suspect plagues accordingly decaying
containers (25). In active minds, gap of AP is
finished by being tested-secretase enzymes
happening in the establishment of dissolved APP
fragments, and so forth of the APP is further
cleaved by y-secretase-bearing peptides that are
freed outside the container and expeditiously
detached/disgraced. However, in old family, the
secretase equilibrium is dysregulated, and APP is
cleaved by P and y-secretase and produces
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mysterious amyloid being tested peptides. APP
deoxyribonucleic acid in persons is situated on
deoxyribonucleic acid 21 and alternate splicing
concerning this deoxyribonucleic acid produces 8-
11 isoforms of APP protein of various amino acid
lengths. APP is a transmembrane protein namely
moved through secretory and endocytic pathways.
Among allure isoforms, APP 751 and APP 770 are
raise expected articulated in glial containers, and
supply support for neurons, and APP 695 is
articulated in neurons (26).APP proteolysis in
persons understands amyloidogenic and non-
amyloidogenic pathways (in figure likely). The
amyloidogenic road involves the handle of APP
apiece operation of [- and y-secretases. f3-
Secretase (BACE-1) cuts APP into the sheath-
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bound fragment popular as C-terminal fragment 3
(CTFpB) and N-terminal dissolved APPS (sAPPp)
(27). CTEB is further cleaved by y-secretases and
create extracellular A protein fragments and APP
intracellular rule (AICD) (28). The non-
amyloidogenic pathways process APP for one

operation of sheet-limited something which incites
activity a-secretase that cuts inside the AP series
and produce sheath-bound C-terminal fragment
CTFa and N-terminal fragment sAPPa. Further
deal with of CTFa yields extracellular P3
fragments and APP intracellular rule (AICD) (27).

’”~

Amyloidogenic pathway

J

uonioo" nvotoooo
<

sened (@beees

APP
~

Extraceliular

3

. R g
S

L )

[ -

Psecretase < APP- amylold precursor peotel
y-secretase < AB- amyloid beta protien
CTF-§- C-terminal fragment

AICD- APP intraceliular domain

SAPP- N-terminal soluble APPQ

Intracediular

-

Figure 5. Amyloid forerunner protein (APP)
converts. Two proteolytic pathways,
amyloidogenic and non-amyloidogenic handle,
live for APP convert. The amyloidogenic road
includes P and y secretases and releases N-terminal
dissolved APPp fragments, and A peptides in the
extracellular domain. The non-amyloidogenic
includes o and y secretases and releases N-terminal
APPa fragments, and P3 peptides in the
extracellular domain. Both proteolytic pathways
release APP intracellular rule (AICD) fragments
intracellularly (29)

H] Liposomes as carrier for drug delivery in
Alzheimer's disease

The swift change progress of nanotechnology has
appealed to on healing businesses, exceptionally
for wit disorders. Over past events few age,
interest in liposomes as alternative labour schemes
for pharmaceuticals has nurtured indirect their
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extraordinary changeability, biocompatibility, and
capability to stop drug deterioration and lower
inadmissible personal possessions. More recently,
they have lived second argue for intellect
determine, deoxyribonucleic acid reasoning, and
tumour position, liposomal game plans for AD
position. Intervening liposomes as ships that bear
airplanes for the remedy of AD displays
neighbourhood-individuality and many more
benefits than low portion of drug or additional
usable forms. The use of peptides that pierces the
mind, in addition to ligands mean A, hindering
that phosphatidic acid, curcumin, and a from time
elapsed-inverted peptide, all have lied used to
lower liposomes before this time that confine A
accumulation. Thus, charming liposomes as a
transport that gives airplanes for drug management
in AD (30).

L] Advanced drug delivery systems (ADDS)
for AD drugs: -

279 |Page



Kirti Dewaikar, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 7, 271-285 |Review

Despite the chance of healing drugs such as
acetylcholinesterase  inhibitors and NMDA
receptor Dblockers for directing senility guide
Alzheimer's disease, relapse on account of age
progression and restricted transportation across the
ancestry-intelligence barrier (BBB) remnants a
challenge. While normal medicines like tablets
and capsules exhibit important oral bioavailability,
their efficiency decreases on account of
determinants like first-pass metabolism, body
tissue protein binding, and integral reactions. To
address these challenges, various advanced drug
transmittal orders (ADDS) containing lipid and
polymer-located nanoparticles (NPs), gel-located
structures, and drug-conjugates maybe employed.
These childbirth bicycles have benefits over
common delivery orders, place they can correct the
pharmacokinetic limits (such as incorporation,
allocation, absorption, and consent) of the drug,
and can increase the solubility or permeation from
organic membranes (BBB with the understanding

Fig7. Preclinical research documents written in
last five age on advance childbirth plans of all the
antagonistic-Alzheimer ~ drugs  (memantine,
donepezil, rivastigmine and galantamine). The
dossier is delivered in accordance with the
delivery methods(48).

M] Advances in 3D models  of

neurodegeneration: -
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of AD, PD etc). Also, these advance transmittal
systems concede possibility raise toxicological or
unfavourable backlashes via less uncovering of the
drug to integral distribution. Whereas the use of
particular ADD plan in any ailment endure
expected legitimized in terms of biocompatibility
and healing efficiency. Additionally, because
diseases like Alzheimer's and Parkinson's demand
lasting situation, reaching prolonged and
maintained release of drugs is another approach to
improve situation effectiveness. Pharmaceutical
researcher’s general is energetically occupied on
expanding ADDS formulations using
miscellaneous methods and parts, achieving
variable standards of boom. In the following
divisions, AADS fabricated to transfer
Memantine, Donepezil, Galantamine, and
Rivastigmine to the intellect for the situation of
AD will be considered, also the preclinical dossier
these drugs are pictorial in composite fig.7 (48).

= Polymeric NPs

» Lipid-based NPs

= In-situ gel NPs
Conjugate NPs

Miscellaneous

The increase in the booklet of novel 3D models of
neurodegeneration has create many arms of 3D
models. These widely engage in four
classifications: affecting animate nerve organs
organoids, neurospheroids, stage-located models,
and 3D bio printed models (49). In the article, most
3D models of neurodegeneration judge
neurodegenerative study of plants through the
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vicinity of protein dysregulation (amyloid-f# and
tau for AD and a-synuclein for PD) (50). However,
few models have dysfunction confirmed across
diversified extents of neurodegenerative
pathologies or distinguished accompanying in
vivo dossier. We confer the traits of these arising
3D model types and check by means of what
written models show the symbol pathologies of

neurodegeneration: protein collection, oxidative
stress, metabolic dysfunction, synaptic trimming,
and raised invulnerable incitement (for a review on
the pathologies of neurodegeneration, visualize
(51). We more outline the benefits and troubles of
each model and the suggestions of model variety,
sophistication occasion, and throughput for assay
rightness (fig8)(52).

Cell type Dysfunction in AD Dysfunction in PD
Neurons 4 Oxidative stress 4 Oxidative stress
LY , 4 Synapse loss 4 Dopaminergic cell
y = death & synapse
) Metabolic loss
X dysfunction .
¢ Metabolic
Build up of AB dysfunction
R Neurofibrillary Build up of a-Syn
' tangles (tau)
Astrocytles | Reactive ramified morphology
AN Cytokine release

L

IS U\ Loss of neuronal support functions

Microglia

Activated ameboid morphology

Cytokine release

Engulfment of dystrophic synapses

Fig8. Neurodegenerative dysfunction in neural cell types (51).

CONCLUSION

Intranasal drug administration can bypass the
blood-brain barrier and enable rapid, extensive
distribution of medications within the brain, it
presents a promising treatment option for
Alzheimer's disease. By addressing key
pathological features of Alzheimer's, such as tau
proteins, AP amyloid proteins, and synaptic
plagues, this strategy has demonstrated
neuroprotective benefits. The comprehensive
analysis highlights the potential of liposomes and
nanoparticles as effective nasal drug delivery
vehicles. Numerous advantages are offered by
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these advanced delivery systems, including
increased drug stability, better targeting, and fewer
systemic side effects. However, challenges still
exist, such as limited dosage, rapid elimination,
enzymatic degradation, and potential safety
concerns. Despite these challenges, ongoing
research and development projects seek to
improve these delivery methods and resolve
current constraints.
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