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ABSTRACT:

Treatment of various neurodegenerative diseases like Parkinson's disease, Alzheimer's disease, and
Huntington's disease have many challenges to global health due to their progressive nature and the
limited efficacy of existing pharmacological agents. Conventional oral and parenteral delivery of med-
ications like Rivastigmine, Rotigotine, selegiline, and cannabinoids helps in improving cognitive func-
tion, motor symptoms, and behavioural problems but do not always provide desired therapeutic re-
sults, as they may undergo extensive first-pass metabolism, have varying plasma levels, and lack
(Blood Brain Barrier) BBB penetration, leading to side effects during systemic administration. Hence,
switching to natural based drug therapy is emerging as neuroprotective natural substances like Bacopa
monneri, curcumin drug delivery system bypass first pass metabolism and reduce gastrointestinal ir-
ritation and improved patient safety and tolerability. Resveratrol, Betulinic acid, when combined with
various polymers like HPMC, PVA, chitosan, and Eudragit provides enhanced bioavailability and
extended drug release when compared to oral forms. Transdermal drug delivery system (TDDS), par-
ticularly the transdermal patches, can be a suitable approach for long-term treatment of neurodegen-
erative diseases because of their advantages providing controlled and sustained drug delivery, in-
creased bioavailability, reduced gastrointestinal side effects, and improving patient compliance.
Transdermal Patches of bioactive compounds produced as nanocarriers, microneedles are used to en-
hance drug transport and achieve targeted delivery to the brain, and contributes to improvements. This
review critically examines the effectiveness of synthetic medications and its limitation, transdermal
drug delivery of conventional drugs, and the bioactive based transdermal drug delivery systems. Nat-
ural compound-based patches offer an effective, safer, and patient-friendly approach for managing
neurodegenerative diseases.

1. INTRODUCTION

to generate molecules capable of permeation across the
matrix [2]. A transdermal delivery technique whereby

The term neurodegenerative diseases (NDs) cover a
broad spectrum of diseases that cause the progressive
loss of the structural and functional parts of either the
central nervous system (CNS) or the peripheral nervous
system (PNS). Among the most common of these disor-
ders Alzheimer’s disease, Parkinson’s disease affects el-
derly people at age of 60. [1]

One form of delivery employed in transdermal drug ad-
ministration is the patch. Before the medication can pen-
etrate the skin, the drug molecules must first be dissolved
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exact medicine administration into the circulation can be
achieved through the skin, the transdermal patch is the
patch helps to reduce systemic side effects while increas-
ing the therapeutic effectiveness of the medicine since it
controls the release of the medication.[3] This approach
of medicine delivery offers more regulated drug distribu-
tion than other methods like oral, intravenous, and intra-
muscular [4]. One of the neurodegenerative diseases is
Alzheimer’s disease (AD) which is slowly deteriorating
disease mostly affecting the hippocampus and the vast
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cerebral cortex of the human brain. The illness mainly
affects the elderly especially those over 65 and shows
symptoms like cognitive decline, behavioural changes,
and memory and psychological deficits.[5]. Parkinson's
disease (PD), another disease in this category reduces de-
pendency and quality of life also and increasing early
death risk for those affected. This condition causes major
damage to dopaminergic nigrostriatal neurons, which
causes impaired motor control and brought-on symptoms
including bradykinesia, resting tremor [6]. Amyotrophic
lateral sclerosis (ALS) eventually leads to respiratory
failure, paralysis, and finally death, the serious ND called
amyotrophic lateral sclerosis (ALS) causes severe degra-
dation and both upper and lower motor neurons death [7].
One more disease called Huntington's disease (HD) is
distinguished in the basal ganglia by an excess of dopa-
minergic potential and a deficit of Gamma-aminobutyric
(GABA) activity. Among its clinical symptoms are unu-
sual movements, cognitive impairments, and emotional
changes [8].

Conventional treatments for neurodegenerative diseases
depend on typical dosage forms, mostly oral and paren-
teral formulations. The most often used dosage forms are
oral tablets, capsules, and solutions since they are cheap,
easy to manage, and practical.[9] For Parkinson's dis-
ease, the most often prescribed treatments are levodopa
and carbidopa, which raise dopamine levels; donepezil,
rivastigmine, and galantamine are the cholinesterase in-
hibitors used to treat cognitive symptoms of Alzheimer's
disease[10].Sublingual products, inhalation therapies,
and injectable forms are also employed in some clinical
situations when oral administration is not feasible or dur-
ing urgent symptom management. In neurodegenerative
diseases, conventional dosage form has several significant
disadvantages like lesser bioavailability due to its first
pass hepatic effects and leads to changes in systemic drug
levels. Many neurotherapeutic drugs will disintegrate in
the gastrointestinal system, are lesser able to permeate
the Blood-brain barrier (BBB) and other biological mem-
branes. Dysphagia, dementia are the compliance in the
elderly and those with neurodegenerative disorders [11].

Among various Novel drug delivery system, Transder-
mal medicine delivery systems (TDDS) present a practi-
cal substitute for conventional delivery methods for neu-
rodegenerative diseases. Bypassing the gastrointestinal
tract and first-pass metabolism, transdermal patches ad-
minister medicines directly into the systemic circulation
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via the skin [12]. Among its advantages are fewer gastro-
intestinal side effects, reduced fluctuations in plasma
concentration, controlled and steady drug release, and
enhanced patient compliance. Better tolerability and
fewer gastrointestinal adverse effects than oral capsules
have been demonstrated for rivastigmine patches, there-
fore they are often used in Alzheimer's disease. In Park-
inson's disease, similarly, rotigotine patches are used to
provide continuous dopaminergic stimulation, therefore
reducing motor fluctuations and enhancing symptom
management [13].

One step forward in transdermal medication delivery are
microneedle patches. Made of biodegradable polymers,
silicon, or metals, it may be designed to stay intact after
insertion, dissolve, or expand [14]. Micro needle patches
have been studied for the delivery of medicines including
rasagiline, rivastigmine, and natural neuroprotective
chemicals which have been shown in preclinical studies
to give better therapeutic outcomes, sustained release,
and greater bioavailability [15]. Another advanced tech-
nology like 3D printing is a powerful tool for personal
medicine. 3D printing enhances the stability, permeabil-
ity, and extended delivery of drugs by facilitating the use
of biodegradable polymers, hydrogels, and nanocarriers
in microneedle and patch formulations. The long-term
management of neurodegenerative diseases appears to be
highly promising [16]. Although 3D printing is used in
oral dose formulations, implants, and biomedical de-
vices, its application in transdermal drug delivery is still
in its infancy with only a few 3D-printed transdermal
patches available in the market [17]. However, the inte-
gration of 3D printing with transdermal systems provides
new avenues for patient-specific treatment planning, cus-
tomized dosing, and controlled drug release [18]. Ex-
tended-release transdermal patches prepared by using ad-
vanced technologies can provide continuous drug deliv-
ery for weeks, months, or even years, thus obviating the
need for daily drug intake [19].

For patients with neurodegenerative disorders, these ex-
tended-release systems improve patient compliance, re-
duce caregiver burden. Integration of natural agents like
Bacopa monneri, Curcumin, Resveratrol, Betulinic Acid,
with above said modern technology like provides en-
hanced bioavailability and extended drug release when
compared to oral forms. These patches reduce the ad-
verse effects caused by synthetic drug delivery. Natural
compound-based patches offer an effective, safer, and
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patient-friendly approach for managing neurodegenera-
tive diseases [20].

Starting with a review of neurodegenerative disorders
and their typical dosage forms, this review discusses
about synthetic as well natural bioactive based transder-
mal drug delivery techniques and their clinical im-
portance. Further examining innovative transdermal
techniques, we pay particular attention to 3D printing
methods and microneedle-based systems. With a focus
on the possibility of personalized and long-acting trans-
dermal therapies to improve patient outcomes, we draw
attention to future prospects and developing trends that
might affect the following generation of drug delivery
technologies used to treat neurodegenerative illnesses.

Figl: Mechanism of transdermal drug delivery

__— Transdermal Patch

Drug molecules

_—~Systemic circulation

2. CONVENTIONAL DOSAGE FORMS FOR
NEURODEGENARATIVE DISEASES

Oral tablets and capsules are conventional and affordable
for long-term therapy for managing neurodegenerative
diseases. To relieve the symptoms of neurodegenerative
illnesses, Levodopa is sometimes given to Parkinson’s
disease patients to raise dopamine levels and reduce
movement symptoms. Alzheimer's patients’ cognitive
ability is improved by cholinesterase inhibitors like
donepezil, which also help to manage the disease [21].
Tetrabenazine is used to treat Huntington's disease and
reduces chorea by depleting monoamines. Memantine,
galantamine, donepezil, and Rivastigmine are used to
manage Alzheimer's disease. The piperidine derivative
donepezil reversibly inhibits acetylcholinesterase. Oral
drugs come in either 5 mg or 10 mg dosages. Available
in both oral and transdermal forms, rivastigmine has bet-
ter gastrointestinal tolerability. Common doses range
from 1.5 mg to 6 mg capsules [22]. Galantamine revers-
ibly inhibits Ache. Furthermore, it interacts with nico-
tinic receptors to improve cholinergic activity.
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Galantamine is available in immediate-release as well as
extended-release forms. One of the most often prescribed
medicines, memantine slows the course of Alzheimer's
disease. Even though memantine helps to shield glutama-
tergic neurons from an overabundant and long-lasting in-
flux of calcium into the cells, oxidative stress and neu-
ronal apoptosis still affect them. It is available in tablets
of 5 mg and 10 mg as well as capsules of 7 mg. Treatment
for dementia with memantine in conjunction with
donepezil involves three further medicines; Memantine
hydrochloride is the other drug. Memantine is an espe-
cially potent medicine when administered in conjunction
with donepezil, rivastigmine, or galantamine [23].

Lowering blood pressure is the primary mechanism of
action of beta-adrenergic blocking medication Carve-
dilol, which blocks the beta-adrenoceptor and triggers
vasodilation, hence leading to alpha 1-adrenoceptor
blockage. The suggested dosage is 3.125 to 6.25 mg
twice daily taken orally as a tablet. Due to first-pass he-
patic metabolism, carvedilol has a poor bioavailability of
roughly 23% and is absorbed mostly by the GI system.
Bioavailability of carvedilol is low, and its half-life (6
hours) is very short. For this reason, a different path is
necessary to boost bioavailability and patient adherence
[24].

Rasagiline mesylate (RM) is a second-generation, ex-
tremely strong, selective, irreversible inhibitor of mono-
amine oxidase (MAO-B). It raises neurotransmitter
availability at the synapse while slowing down dopamine
degradation, used in the treatment of early-stage Parkin-
son's disease, RM has neuroprotective actions against a
number of neurotoxins in addition to anti-apoptotic and
antioxidant capabilities. Presently accessible in oral
form, rasagiline mesylate has a somewhat limited bioa-
vailability (~36%) and brief half-life. Many oral anti-
Parkinson drugs, including Rasagiline mesylate, need to
be ingested multiple times a day and are sometimes re-
lated to a treatment "off" period during which motor
symptoms return between two doses and cause great dis-
comfort to Parkinson's disease patients. Oral therapy
might be challenging, especially for those in an advanced
stage of Parkinson's disease, since elderly patients often
have difficulty swallowing solid oral dosage formula-
tions [25].

Levodopa + Carbidopa — dopaminergic precursor which
improves motor symptoms. Available in tablet form in
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combination with carbidopa to reduce peripheral metab-
olism. Widely used as first-line therapy. They improve
cognition and control motor symptoms, Carbidopa inhib-
its peripheral decarboxylation of levodopa, increasing
CNS availability and efficacy. Inhaled Levodopa has
been developed for rapid relief of off-periods in Parkin-
son disease because it has fast onset of action and avoid
gastrointestinal absorption barriers as an acute dosing
form [26].Rivastigmine capsules are used in treatment of
Alzheimer’s disease for Management of cognitive symp-
toms, Gabapentin, Pregabalin capsules are used to relieve
neuropathic pain, and mobility issues. The advantages of
oral capsules include Mask unpleasant taste of drugs;
better dose flexibility compared to tablets. Limitations of
capsules includes Same gastrointestinal limitations as
tablets, it is not suitable for individuals with dysphagia,
Risk of content spillage if capsules are opened (affecting
stability) (Bernsteinian ef al., 2023) [27].Oral solutions
used to assist patients with dysphagia or poor pill toler-
ance, in such cases Donepezil and Rivastigmine liquid
forms improve dosing accuracy and ease of use it is Use-
ful for patients with swallowing problems. But solutions
may have stability problems [28].

(Levodopa) Inhalation powder is a dry powder formula-
tion which is breathed orally and quickly enters the
bloodstream through the lungs. For patients on oral levo-
dopa-dopa decarboxylase inhibitors, it is authorized for
on-demand therapy of OFF periods. Two capsules con-
taining 42 mg of levodopa each make up the authorized
dose of 84 mg. Five (420 mg) dosages per day is the max-
imum permitted. By passing across the blood-brain bar-
rier and being transformed into dopamine, levodopa in-
halation powder reduces the recurrence of Parkinson's
disease symptoms. A breath-actuated inhaler is used to
deliver the 84-mg dosage. Parkinson’s disease signifi-
cantly improved with 84 mg. Pharmacokinetics findings
indicate that levodopa inhalation powder can be consist-
ently and precisely delivered to the systemic circulation
by an inhaled delivery device. Coughing is a common
side effect of levodopa inhalation powder, and plasma
concentrations of the drug rose more quickly. When
Parkinson's disease symptoms resurface, levodopa inha-
lation powder is meant to be given as an on-demand treat-
ment, with a daily maximum of five doses [29].

The oral dosage forms have advantages like enhanced
patient compliance, easy self-administration for pro-
longed treatment, low cost and general availability,

3914

suitability for modified-release formulations (including
controlled-release levodopa), long shelf life, and com-
fort. While donepezil can be used in any stage of the ill-
ness from mild to moderate to severe rivastigmine and
galantamine are mostly used in moderate AD. Inhaled
powder including levodopa reaches the systemic circula-
tion through lung delivery [30].

Limitations of oral dosage forms include swallowing dif-
ficulty in elderly patients, variable bioavailability due to
food and gastrointestinal motility disorders, First-pass
metabolism reduces drug reaching Central nervous sys-
tem (CNS). Because of its poor bioavailability and short
half-life (6 hours), carvedilol demands a lengthy course
of treatment that reduces patient compliance and calls for
more frequent dosages. Unsuitable for those with dys-
phagia, rivastigmine capsules have the same stomach
limitations as pills. Oral administration of Rasagiline me-
sylate can cause bad gastrointestinal adverse effects in-
cluding headache and vomiting. Oral use of apomorphine
calls for large dosages to provide the desired effect,
which may include nausea, vomiting, postural hypoten-
sion, and renal impairment as shown by elevated urea
and creatinine levels [31].

3.TRANSDERMAL PATCHES OF CONVENTIONAL
DRUGS

BGP-15 (Active ingredient), a yellow substance, is a
PARP inhibitor. Typically taken orally, BGP-15 is a cap-
sule. BGP-15 dissolved within the polymer matrix and
Transdermal patches were formulated. Among the most
often used polymers in transdermal patches to guarantee
the appropriate transdermal dosage form for BGP-15 are
PVA and PVP [32]. The different penetration enhancer
excipients used in the composition Transductal at 0.1%,
Labra sol at 0.1%, or a combination of these two at 0.1%
were intended to improve the bioavailability of BGP-15.
The mix of Transductal and Labra sol maximized the bi-
oavailability of BGP-15. By helping BGP-15 to reach the
systemic circulation, the transdermal patch formulation
provides a new therapy approach and improves patient
compliance [33].

Rivastigmine is a carbamate derivative that acts as a dual
inhibitor of acetylcholinesterase (AChe) and butyrylcho-
linesterase (BuChe), Initially available as oral formula-
tion, Transdermal rivastigmine is used for the treatment
of severe AD as well as mild-to-moderate AD [30]. Early
and ongoing treatment using transdermal rivastigmine at
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a dosage of 13.3 mg/24 h showed clinical improvement
in Alzheimer's disease (AD) dementia patients. Usually,
the rivastigmine 13.3 mg/24 h patch was well tolerated
throughout up to 48-week course of treatment. In 2020,
rivastigmine was most often prescribed 9.5 mg/24 hours.
An increase to 13.3 mg/24 h may produce some gains for
those with mild to moderate AD whose condition wors-
ened while taking the 9.5 mg/24 h patch. Transdermal ri-
vastigmine minimizes fluctuations in plasma levels, low-
ers maximum plasma concentration, and prolongs the
time required to achieve the highest plasma concentra-
tion as opposed to oral pills and oral capsules. Moreover,
the 9.5 mg/24h patch offers a similar exposure of 12 mg
per day of oral medication. Because the transdermal ad-
ministration approach bypasses the digestive system, it is
more tolerable than oral medications. The trial in patients
with severe AD showed that the 13.3 mg/24 h patch
shows greater efficacy compared with the 4.6 mg/24 h
patch with respect to cognition, activities of daily living,
and global functioning. Hence evidence supports ri-
vastigmine 13.3 mg/ 24 h transdermal patch as a useful
treatment option for patients with mild, moderate, or se-
vere Alzheimer’s disease (AD) [34].

A beta-adrenergic blocking drug, Carvedilol mainly
lowers blood pressure, hence leading to beta-adrenocep-
tor blockade and vasodilation as well as alpha 1-adreno-
ceptor blockade. Transdermal administration of carve-
dilol is also possible. Because the transdermal route pro-
vides several advantages above oral forms, carvedilol is
thought of as a challenging drug possibility for transder-
mal delivery. Among these characteristics suggesting the
ability to pass the lipophilic skin barrier are a high first

pass metabolism, a high lipophilicity (log P 3.97), and a
low molecular weight (406.5). The matrix-type construc-
tion of this formula was selected since it is easy to make
and helps to get over the above-mentioned limitation.
During the development of Carvedilol transdermal
patches, it was found that transdermal patch offers the
best option for managing hypertension, it delivers the
medicine over a more extended period of time and is also
superior to oral administration [35].

Amyotrophic lateral sclerosis (ALS) is treated with the
benzothiazole molecule and glutamate release inhibitor
Riluzole, its therapeutic effects arise from its capacity to
stop voltage-gated sodium channels, slow down gluta-
mate release, change neurotransmitter signalling, and re-
duce excitotoxic neuronal damage. Because of its im-
portance, the riluzole transdermal patch which has a low
daily dose of 100 mg is a good candidate for TDDS. The
ideal patch had a 17% (w/w) riluzole, 10% (w/w) poly-
glyceryl-3 dioleate (PGD), and a 111-um adhesive layer
[36]. The ultimate riluzole penetration rate was found to
be 2.96 ug. With a log P of 2.3 and a water solubility of
0.0395 mg/mlL, riluzole's sustained-release transdermal
patch helps to lessen the symptoms. Better stability and
increased pharmacokinetic performance are found in the
improved formulation. Polyglyceryl-3 dioleate (PGD), a
surfactant enhanced drug release and made skin lipids
more fluid, therefore improving transdermal absorption,
it offers a new approach to treating Amyotrophic lateral
sclerosis (ALS) as it can much lower the dosage fre-
quency while still keeping steady plasma levels via con-
trolled medicine delivery [37].

Tablel Transdermal patches for Neurodegenerative disorder

DRUG / BIOAC-
- DISEASE TAR- | PATCH TYPE/ REFER-
S.NO. TIVE CQM— GETED SYSTEM KEY ADVANTAGES ENCE
POUND
L . Sustained release, reduced
1 Rivastigmine Alzheimer’s dis- | Matrix transder- GI side effects, improved [34]
ease mal patch .
compliance
. . Continuous dopaminergic
2 Rotigotine Parkirf;r; s dis- Tranz(;l:;mal stimulation, reduced motor [58]
P fluctuations
. Long-acting Sustained plasma levels,
3 Riluzole ALS transdermal patch | reduced dosing frequency [37]
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. . . Enhanced bioavailability,
- Parkinson’s dis- Microneedle . .

4 Rasagiline mesylate painless delivery, con- [25]

ease patch

trolled release
. . . . . Improved neuroprotection,
5 Bacopa monnieri Parkinson’s dis- Microneedle increased bioavailability, [39]
(SLNs) ease patch .
non-irritant
Controlled release, en-
6 Betulinic acid Nn_euroc!egenera- Polymer-based hanced skin permeability, [40]
tive disorders transdermal patch )
neuroprotection
. . . Improved brain delivery,

7 Resveratrol (SLNs) Parkinson’s dis- Microneedle antioxidant effect, sus- [42]

ease patch .

tained release
. Parkinson’s dis- Microneedle En_h'gnced bloavallablhty,

8 Curcumin (SLNs) anti-inflammatory, non-ir- [45]

ease patch ;

ritant
Alzheimer’s dis Microneedle- Controlled release, im-

9 Donepezil ; based transder- | proved cognition, reduced [54]

ease

mal system GI effects

10 Huperzine A Alzheimer’s dis- | Dissolving mi- Sustained .rjclease, im- [47]

ease croneedle patch | proved cognitive outcomes

4. NATURAL COMPOUNDS FOR NEURO-
DEGENERATIVE DISEASES

Through several neuroprotective mechanisms, plants and
fungi are the organic compounds used for their ability to
slow the progression of neurodegenerative diseases.
Fruits, vegetables, wine, and tea have polyphenols ga-
lore. Their strong antioxidant and anti-inflammatory
characteristics help to reduce neuroinflammation, major
contributors to neurodegeneration. Standardizing the
dosage and composition of natural substances like
resveratrol and curcumin is crucial for steady clinical re-
sults. Poor solubility or quick metabolism of many natu-
ral molecules restricts their applicability in clinical envi-
ronments; hence bio availability becomes significant
problem [38].

In herbal medicine, Bacopa monnieri, often known as
Brahmi, has been often used to treat a great number of
neurological diseases and boost memory and cognitive
ability. One soluble microneedle patch loaded with Ba-
copa. Monnieri claimed as a possible neuroprotective
treatment for Parkinson's diseases. The better neuropro-
tective effect came from the microneedle patch loaded
with Bacopa. Monnieri-SLNs than the pure medicine.
The improved formulation was tested for skin irritation
on rat skin and found not to be sensitizing. Developing
Bacopa. Monnieri as a microneedle patch will raise the
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drug's bioavailability via transdermal absorption and
thereby improve its therapeutic effectiveness [39].

Betulinic acid, a pentacyclic triterpenoid made by Bet-
ula species, offers strong neuroprotective, antioxidant, a
possible therapeutic drug for neurodegenerative diseases.
Reports indicate that it stops neuroinflammation and
lowers oxidative stress, hence protecting neurons against
amyloid-p toxicity and mitochondrial dysfunction Its
poor water solubility, low oral bioavailability, and great
first-pass metabolism restrict its clinical usage [40]. Im-
proved skin permeability and controlled drug release
have been demonstrated with transdermal patches con-
taining betulinic acid manufactured utilizing polymers
like ethyl cellulose, PVP, and HPMC. Including penetra-
tion enhancers also raises transdermal flow and the effi-
cacy of treatment. Continuous delivery provided by
patches helps to keep steady plasma levels, therefore
benefiting persistent neurodegenerative disorders [41].

Resveratrol Found in red wine and grapes, it reduces ox-
idative stress and controls inflammatory processes, hence
acting neuroprotective. Naturally occurring polyphenolic
molecule resveratrol shows neuroprotective, antioxidant,
and anti-inflammatory properties, hence it is a possible
treatment for neurodegenerative diseases [42]. low oral
bioavailability, poor water solubility, fast metabolism,
and inadequate brain distribution limit its clinical use,
therefore stimulating research into new delivery systems,
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these include resveratrol-loaded solid lipid nanoparticles
included in microneedle patches. Preclinical studies
showed that these transdermal microneedle patches pro-
vided better skin penetration, extended-release profiles,
and greater plasma and brain bioavailability, therefore
conquering traditional administration problems and im-
proving therapeutic effects in Parkinson's disease mod-
els. These modern patches shown remarkable increases
in brain antioxidant levels and behavioural performance
with hardly any skin irritation, therefore highlighting
their potential in the treatment of persistent neurodegen-
erative disorders. Percutaneous absorption and medica-
tion retention are enhanced by combining resveratrol into
nano-enabled patch matrices, therefore addressing solu-
bility and stability issues. Understanding the whole ther-
apeutic potential of resveratrol in neurodegeneration de-
pends on continuous patch composition refinement, per-
meability enhancement, and clinical validation [43].

Curcumin is a prospective therapy for neurodegenera-
tive disorders. Its poor water solubility, bioavailability,
rapid metabolism, and restricted penetration across the
blood-brain barrier limit its clinical use [44]. To over-
come these obstacles, new delivery techniques including
curcumin-loaded solid lipid nanoparticles inserted into
transdermal patches and microneedle have been devel-
oped. With enhanced motor coordination, balance, and a
reduced degree of bradykinesia, the made microneedles
were also shown to be non-irritant. Using a new mi-
croneedle loaded with curcumin-loaded solid lipid nano-
particles as a possible treatment for Parkinson's disease
was theoretically justified in the study [45].

Green tea - Camellia sinensis (L.) Kuntze., has polyphe-
nol, epigallocatechin gallate, which protects neurons due
to its property of reducing inflammation and scavenging
free radicals. Polyphenol epigallocatechin gallate of
green tea has also been explored in patients and Hunting-
ton’s disease (HD) models. It had proved to possess the
capability of improving cognitive and motor skills. As
oxidative stress and excitotoxicity form the characteris-
tics of HD, the antioxidant property of EGCG played a
major role in mitigating the conditions [46].

Plants and microbes produce alkaloids; They are re-
nowned for their power to regulate neurochemicals and
raise cognitive capacity. An acetylcholinesterase inhibi-
tor generated from the (Hesperia serrata (Thunb.) Trevis,
Fam: Lycopodiaceae), Huperzine A is a substance that
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boosts acetylcholine levels and improves cognitive per-
formance and memory in people with Alzheimer's dis-
ease. By regulating glucose metabolism, berberine an al-
kaloid found in Berberi’s species shows anti-inflamma-
tory properties and may be used in both models of Alz-
heimer’s disease (AD) and Parkinson’s disease (PD)
[471.

Terpenoids are common in essential oils and contribute
to the aroma of plants. They possess antioxidant and anti-
inflammatory properties beneficial for the protection of
neuronal health. Ginkgolides, found in the Ginkgo bi-
loba L. (Ginkgoaceae family), possess antioxidant action
and promote blood flow. They protect the brain against
conditions like dementia. Various clinical studies on the
use of ginkgo biloba extracts have been observed, partic-
ularly in Asian countries and Europe. The proposed
mechanism of the neuroprotective action of Ginkgo bi-
loba extract lies in its antioxidant property and inability
to increase blood flow to the brain, protecting the neu-
ronal tissue against the oxidative stress [48].

Cannabidiol (CBD) extracted from the plant Cannabis
sativa (Cannabaceae family), also holds promise in the
enhancement of neurogenesis and reducing neuro-in-
flammation. Omega-3 fatty acids found in fish oil work
well in enhancing the lipid fluidity of neuronal mem-
branes and exhibit anti-inflammatory properties and
could be useful in the treatment and control of AD and
PD [49]. Astaxanthin is a carotenoid antioxidant found
in shellfish, shrimp, trout, salmon seafood, and in certain
microalgae. Astaxanthin contains a ketone and hydroxyl
moiety. Activation of the antioxidant response element
protects cells against oxidative insult and inflammation.
Being the activators of the antioxidant defender catalase
and the super oxide dismutase enzyme (SOD). which
protects the cell against oxidative insult and inflamma-
tion, it is classified as an antioxidant with strong neuro-
protective properties. Astaxanthin demonstrates strong
anti-inflammatory properties within the nervous system.
The mechanism involves the potent inhibition of the in-
flammatory process and the protection of neurons within
AD and PD. [50].
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5. ADVANCED TECHNIQUES FOR
TRANSDERMAL DRUG DELIVERY

Micrneedles

3D Printed transdermal patch

o

Smart Patches

Fig2: Advanced transdermal systems

5.IMICRONEEDLE PATCHES IN NEURO-
DEGENERATIVE DISEASE

Microneedle patches are an innovative, low-invasive
transdermal drug distribution method with much promise
for treating neurodegenerative diseases [51]. By avoiding
first-pass metabolism, improving bioavailability, and
boosting patient compliance as well as by overcoming
the drawbacks of oral/parenteral administration; Recent
research focus on their use of many neurotherapeutic
medications. [52]. Microneedles developed using mono-
amine oxidase-B (MAO-B) inhibitor rasagiline mesylate
hydrogels showed noteworthy results for Parkinson’s
diseases. For long-lasting transdermal delivery, these mi-
croneedles show great mechanical strength, regulated
medicine release, and notable skin penetration. To reduce
oxidative stress in models of neurological illnesses, new
microneedle patches loaded with the hydrogen sulphide
donor AP39 have been developed. In lowering neuro-
degeneration loads following transdermal administra-
tion, they have shown great promise [53]. Better cogni-
tive outcomes, sustained release, and longer half-life
have been observed in preclinical Alzheimer's disease
models employing dissolving microneedles to administer
huperzine A trans dermally, hence showing their ability
to enhance the therapeutic indices of medications with
low oral bioavailability [54]. Hybrid systems of
donepezil-loaded microparticle depots loaded dissolved
micro needle patches designed for long intradermal de-
livery targeted for Alzheimer's treatment demonstrated
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more consistent release profiles than do traditional
patches [55].

Other studies include polymeric microneedles for the ad-
ministration of rivastigmine, a medication used to treat
dementia, which demonstrate improved regulated release
and effective skin penetration for perhaps anti-dementia
medication;[56]. Recent assessments of microneedle
methods emphasize their biocompatibility, biodegrada-
bility, ability to create microchannels facilitating sys-
temic medication delivery, and ability to alleviate suffer-
ing and gastrointestinal barriers;[57]. The rising clinical
interest in Parkinson's, Alzheimer's, and other neuro-
degenerative diseases suggests that microneedle-medi-
ated drug delivery systems offer painless, sustained, and
effective ways of neurologic medication administration.
Among current issues are those of maximizing the drug
loading capacity, improving sustained release character-
istics, improving blood-brain barrier penetration where
required, and validating the long-term safety and efficacy
in vivo [58] Future studies should concentrate on merg-
ing stimuli-responsive and multifunctional microneedle
designs that permit regulated/on-demand medicine re-
lease so as to maximize therapeutic benefits for neuro-
degenerative diseases and speed up the clinical applica-
tion of these promising transdermal technologies using
polymers and nanotechnology [59].

5.2 ROLE OF 3D PRINTING FOR NEURO-
DEGENERATIVE DISEASES

3D printing techniques may produce three-dimensional
items with complex geometries and details, choosing a
3D printing technology greatly improves the complexity,
accuracy, and material compatibility of implantable mi-
croelectrodes [60].3D-printed microneedles provide a
workable alternative to solve these problems. With the
right dimensions, forms, and materials, researchers can
produce minimally invasive equipment that can pierce
the mucosal barriers or outer layers of the skin [61]. To
enable therapeutic drugs to penetrate the BBB (blood
brain barrier) or to provide medicines directly into the
tissues around the brain, these microneedles can be mod-
ified Furthermore, 3D printing microneedles enables to
be customized to improve drug release profiles and boost
targeting accuracy, therefore maybe increasing the effi-
cacy of drug distribution to the brain and lowering nega-
tive effects connected with systemic administration [62].
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There are several benefits to 3D printing, including quick
prototyping, scalability, design versatility, and customi-
zation which are represented in the Table 2. Researchers
may create microelectrodes with specific geometries and
characteristics using 3D printing, and they can also tailor
their performance for particular uses. The chosen ap-
proach will influence the device's performance, biocom-
patibility, complexity, and precision [63].

5.3 FROM BIOMARKERS TO PRECISION
MEDICINE IN NEURODEGENRATIVE
DISEASES

For neurodegenerative diseases, the preferred method
has become precision medicine, which goes beyond sin-
gle biomarker usage and toward an integrated, patient-
centered approach leveraging molecular, genetic, clini-
cal, and imaging data to help diagnose, predict, and treat
[64]. Although biomarkers continue to be essential for
early detection, disease staging, and course monitoring,
they are most effective when integrated into a more ex-
tensive accuracy paradigm considering individual differ-
ences in disease mechanisms, risk profiles, and treatment

Table 2 3D printing Technology

reaction [65]. Given the diversity of neurodegenerative
diseases, even within the same diagnostic group one-
size-fits-all cures are inadequate for proper management.
By integrating genomics, proteomics, metabolomics,
digital phenotyping with indicators including amyloid-J,
tau, o-synuclein, neurofilament light chain, and markers
of neuroinflammation, precision medicine generates dif-
ferent disease trajectories [66]. This method enables in-
formed therapeutic choices, improves prognostic stratifi-
cation, and helps to generate earlier and more precise di-
agnoses. Importantly, precision medicine helps us to find
those who have presymptomatic symptoms and are at
risk, hence enabling us to quickly act before lasting brain
damage develops. Better patient selection, outcome pre-
diction, and response monitoring are made possible by it,
therefore improving clinical trial design by enhancing the
probability of therapeutic success [67]. Ultimately. pre-
cision medicine offers the best chance to create treat-
ments that change the course of neurodegenerative disor-
ders, improve patient care, and lower the worldwide bur-
den of such diseases than do biomarker-only strategies
[68]
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onto a tank
of photo-
sensitive
resin, caus-
ing it to so-
lidify layer
by layer.

A photo-
sensitive
resin is pol-
ymerized
by a laser,
resulting in
complex ar-
chitectures.

TWO-PHOTON
5 POLYMERIZA-
TION(2PP)

photopoly-
mers and
hydrogels.

limited build vol-
ume, slow speed, [63]
expensive

Ability to cre-
ate complex
structures.

5.4 ROLE OF PERSONALIZED MEDICINE IN
NEURODEGENRATIVE DISEASES

Personalized medicine for neurodegenerative diseases
guarantees a paradigm change in both knowledge and
management of diseases; Using tailored techniques com-
bining genetic, epigenetic, molecular, imaging, and clin-
ical data to stratify patients for customized therapies;
[69].emerging biomarkers allow earlier and more precise
diagnosis and risk assessment beyond one-size-fits-all
treatments; Progress in pharmacoepigenomics and epi-
genetics is identifying patient-specific modifications that
may direct customized pharmacotherapy and increase ef-
fectiveness while minimizing adverse effects by combin-
ing sequencing and genetic approaches [70]. Programs in
pharmacogenomics utilizing indicators like APOE,

CYP2D6, and others demonstrate the potential of en-
hancing medicine choice and dosage depending on ge-
netic profile [71]. Stratification and prognosticating are
anticipated from research of multimodal biomarkers that
is, fluid and neuroimaging signatures using machine
learning. Targeted molecular and cellular disease path-
ways help to develop precise therapies meant to maxim-
ize efficacy and minimize off-target effects. Future looks
bright for combination therapies, which simultaneously
attack several pathways [72]. Despite major obstacles,
including translating basic results into clinically effec-
tive medicines, negotiating the blood-brain barrier, guar-
anteeing long-term safety, and reaching affordable im-
plementation, there are still some challenges [73]. Data
privacy, legal, and ethical frameworks must develop in
order to ensure safety access. Customized methods vali-
dated from large, diverse datasets will be developed via
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collaborative networks among medical professionals,
scientists, and business. [74]. Dynamic therapy ap-
proaches that change with time will better mirror each
patient's unique disease frajectory than will statically
models [75]. Finally, a very customized medicine ap-
proach that might change the course of neurodegenera-
tive illnesses and improve clinical results will come
about through the integration of biomarkers, genomics,
cell models, precision treatments, and artificial intelli-
gence [76].

6. CONCLUSION

For the therapy of neurodegenerative disorders, transder-
mal patches seem to be the most suitable for future ap-
proach. Low bioavailability, first-pass metabolism, and
poor patient compliance restrict the long-term efficacy of
standard oral medications. By avoiding hepatic metabo-
lism, alternative transdermal systems provide controlled
and continuous drug administration. Though 3D-printed
based transdermal patches are now limited and not de-
veloped, this technique has great possibilities for tailored
medicine. With 3D printing, drug dosage, release rate,
and design of patch can be selected according to the
needs of each patient. Reduced dosing frequency may be
achieved by extended drug release, which might span
weeks, months, or even a year. Eliminating the need for
daily tablet use could help to increase patient compliance
and adherence to medication. Furthermore, customized
controlled-release patches might improve patient com-
fort and clinical outcomes. Bioactive compound—based
transdermal patches are still underexplored for neuro-
degenerative diseases, highlighting a major research op-
portunity. Advances in 3D printing of bioactive
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compound loaded hydrogels might enable precise dose
control, improved bioavailability, and extended drug re-
lease from such patches eliminating adverse effects.
These technologies overcome limitations of conven-
tional delivery. enhance therapeutic efficacy and will be
future approach for treating neurodegenerative diseases.
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