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Abstract

Alzheimer's Disease International estimates a dementia prevalence of over 50 million people globally in 2018, with the num-

ber expected to quadruple by 2050, with two-thirds residing in low- and middle-income nations.20 According to the most

recent estimates, dementia prevalence in Europe will more than double by 2050.Alzheimer's disease is the leading cause of

dementia and is rapidly becoming one of the most costly, fatal, and burdensome diseases of the twenty- first century. There

is  various  root  of  administration are  available  for  AD but  one  the  best  is  TDDS in  the  form of  patch.  This  article  covers

Transdermal Drug Delivery for Alzheimer disease, the importance, advantages, disadvantages, type and basic component of

transdermal patch, mainly including use of nanoparticle and microneedle in transdermal patch drug delivery along recent

advancement in transdermal patch like use of smart patch that can be used for AD in future. And overall this article pro-

vides brief introduction about application and future challenges of transdermal patch for AD.
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Introduction

Alzheimer’s  disease  (AD)  dementia  is  refers  to  a

particular onset and course of cognitive and functional dec-

line  associated  with  age  together  with  a  particular  neuro-

pathology. It was first described by Alois Alzheimer in 1906

about  a  patient  whom he  first  encountered  in  1901.  It  is  a

neurodegenerative disorder.

Alzheimer's disease is described by various hypoth-

esis:  Tau hypothesis,  Amyloid Hypothesis and on the basis

of  Oxidative  Stress  Reactive  oxygen  species,  Cellular  and

Vascular  Dysfunction Advancing age,  vascular  risk factors,

Cholesterol, Metal Imbalance, and Cholinergic Deficit Dur-

ing the progression of AD [1].

An  additional  method  of  administering  medica-

tions  through  the  skin  layer  is  transdermal  drug  delivery

[1]. Before the medication reaches the target region, it is ab-

sorbed through the skin into the bloodstream and circulat-

ed throughout the body [2,3]. Compared to other adminis-

tration methods,  transdermal medication delivery provides

a number of benefits.  Examples include the capacity to ad-

minister  medication in continuous doses over an extended

period of time, the ability to omit the digestive tract, and the

capacity  to  prevent  first-  pass  liver  metabolism  [4].  Other

drug delivery methods, such intravenous, can hurt and raise

the risk of  infection.  However,  the oral  route is  ineffective,

and  the  breathing  technique  makes  dosage  management

challenging. Transdermal administration is frequently used

to  give  medications  for  illnesses  like  quitting  smoking,

chronic  pain,  motion  sickness,  and  hormone  replacement

therapy due to its advantages over conventional routes.

A transdermal patch is a medicated patch that can

administer  medications  to  the  bloodstream  at  a  controlled

rate via the layers of skin. In actuality, applying medication

using patches is the most practical technique. They are non-

invasive, and the course of treatment may persist for many

days before being discontinued. They have several  ingredi-

ents and come in various sizes. The patch can use diffusion

processes to transport active chemicals into the systemic cir-

culation after being placed to the skin. High concentrations

of active ingredients may be present in transdermal patches,

which stay on the skin for a long time.

Advantages

Xontinuous administration, multiple-day therapy,

circumvent  the  digestive  system,  do  not  use  first-pass

metabolism,  it  is  less  intrusive  and  can  be  stopped  at  any

time [1].

Disadvantages

Skin irritation, inconsistent absorption, patch fail-

ure,  and  a  limited  dose  option  are  all  issues  with  this

medicine  [1].

Table 1: A summary of transdermal patches/products and their unique features

Sno drug Marketed
formulation

Application
duration

Typeof
formulation dose referances

1 Donepezil Adlarity® 7 days Sustain release 5 or
10mg/day

[5-7]

2 rivastigmine Exelon® 24 hrs sustained
release

9.5 mg/day [1,8,9]

Purpose and Scope

Purpose of this study is to collect data about tech-

nological  advancement  and  manufacturing  advancement

through out the years. Examining recent advances in formu-

lation is critical for staying current, enhancing formulation

delivary,  complying  with  laws,  remaining  competitive,  and

grabbing  possibilities  for  innovation  and  efficiency.  It's  a

proactive strategy to making ensuring your formulas are as

effective and current as feasible.

Transdermal Patch Design

Drug  transport  over  the  skin  is  influenced  by  a

number of parameters, including skin permeability, applica-

tion  area  and  duration,  and  skin  metabolic  activity.  (i.e.,

first  pass  metabolism).  In  fact,  each  medicine  has  distinct
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features that can influence transdermal delivery. To breach

the skin barrier and obtain optimal skin absorption and pen-

etration,  the  medicine  should  be  non-ionic  and  somewhat

lipophilic.  Molecules  Larger  than  500  Daltons  make  cross-

ing  the  stratum  corneum  problematic,  and  the  therapeutic

dosage of the medicine should preferably be less than 10 mg

per day [1].

Table 2: Basic Component of Transdermal Patch

Sr, no. component Functions

1 Baking The backing protects the patch from external contamination

2 drug reservoir The drug reservoir containing the medicine

3 Membrane The membrane regulates medication release from the reservoir via the
multi-layers and intothe skin.

4 Adhesive The patch components are adhered to the skin using adhesive.

5 Liner The liner protects the patch during storage.

Figure 1: Basic Component of Transdermal Patch

Table3: Types of transdermal patch

Sr. Types of
transdermalpatches: Component Examples Referances

1 Drug-in-Adhesive
System Backing,Adhesive+ drug,liner.

Rivastigmine
drug-in-adhesive

patch
[10]

2 Reservoir System Backing,Drug,membrane,adhesive,liner.

Galantamine
hydrobromide
loaded gel drug

reservoirs in
transdermal

patch

[11]

3 Matrix System backing,drugin adhesive,liner.

Rivastigmine
matrix-type
transdermal

patch

[12]
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4 Micro-Reservoir
System: backing,drug+ polymer,adhesive,liner.

Galantamine Gel
as Drug

Reservoir in
Transdermal

Patch

[13]

Transdermal Drug Delivery for Alzheimer disease

Oral  drug  delivery  systems  have  issues  such  as

first-pass metabolism, limited efficacy, and low bioavailabili-

ty, treating Alzheimer's disease is difficult. There are also al-

ternate delivery modalities available, such as intranasal and

transdermal  administration.  The  transdermal  medication

delivery technique provides for the continuous release of ac-

tive ingredients/drugs while avoiding first-pass metabolism

and thereby reducing systemic adverse reactions.

Some drugs have been approved by FDA Rivastig-

mine  (cholinesterase  inhibitor)  and  tacrine,  donepezil,

galantamine and memantine as (antagonists of  the NMDA

receptor).  This  drug  provides  prolonged  benefit  for  symp-

toms of Alzheimer's disease [14].

Cholinesterase Inhibitors

According to the oldest theory, AD is caused by a

shortage of acetylcholine. Transdermal administration may

make it easier to transfer drugs through the skin easily and

reliably,  while  also  providing  long-term  efficacy  with  rela-

tively  low  doses  [15].  They  act  by  binding  with  cho-

linesterase  enzyme and maintain  acetylcholine  level  by  de-

creasing its breakdown rate.

Physostigmine

Physostigmine  was  the  first  anticholinesterase

medication used transdermally to treat Alzheimer's disease.

Certain  difficulties  with  physostigmine  oral  and  intrave-

nous administration can be mitigated using a patch, includ-

ing  lower  bioavailability,  a  narrow  therapeutic  window,

high first-pass metabolism, and poor user compliance [16].

In 1986, Levy et al. produced a patch containing physostig-

mine in the enhancer carrier propionic acid and a vinyl ace-

tate/ethylene copolymer membrane with an aluminium foil

cover  on  one  side  and  an  adhesive  on  the  other  [15].

Another  transdermal  medication  administration  of  Phy-

sostigmine  was  created  to  avoid  first  pass  metabolism  and

reduce  dose  frequency  when  compared  to  the  oral  route.

Transdermal patches of the matrix type were produced. was

determined to be the best, with 96.5% medication release in

12 hours [17].

Tacrine

Tacrine was one of the experimental drugs utilised

in  the  early  stages  of  transdermal  therapy  techniques  for

Alzheimer's  disease.  Tacrine  possesses  a  reversible  cho-

linesterase  inhibitor  as  well  as  being  lipophilic  and  weak

base, making passive diffusion difficult, hence ion-exchange

fibres  and  iontophoresis  were  used  to  transport  the

molecule [18]. A develop matrix based transdermal patches

containing  Tacrine  to  overcome  the  first  pass  metabolism

and to reduce frequency of dosing compared to oral route.

Among all formulation, formulation that contain Methocel

K15M  100  mg  had  shown  97.61%  %  cumulative  drug  re-

lease within 12 hours [19].

Rivastigmine

The rivastigmine transdermal patches was first de-

veloped  in  the  1970s  and  received  FDA  clearance  in  1979

[20].  there is  difference between Cmax oral  solution verses

transdermal  patch.  For  oral  (3  mg oral  solution)  it  reaches

.63 ng/mL in 1hr on average and it shows elimination half-

life  1.45  h.  transdermal  patch (9.5  mg/24 h)  Cmax reaches

at 5.84 ng/mL after a 14.1 h and it  shows elimination half-

life  3.02  h.  and  studies  conclude  that  rivastigmine  patch

shows 14-time longer Tmax and 20% lower Cmax then oral

solution [14].

The  first  generation  of  patches  was  a  basic  reser-

voir made comprised of an alcohol-based drug and a solu-

tion-soaked  sticky  edge  composed  of  a  plastic  sheet;

nonetheless, this device caused skin pain. The next stage in

developing  the  matrix  patch  was  to  fix  this  problem.  The

four layers of this approach enable the drug release uniform-

ly,  decreasing  skin  concerns  and  boosting  adherence  time

[21].
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In  a  single  layer,  this  patch  comprises  the

medicine,  antioxidants,  the  polymer  matrix,  and  a  silicon

matrix  adhesive.  As  a  result  of  this  endeavour,  the  patch's

thickness and surface were reduced, resulting in medication

delivery  that  was  based  on  patient  compliance,  as  seen  in

Figure 2. This patch was available on the market in three dif-

ferent sizes (5 cm2, 10 cm2, and 15 cm2), and its flow rate

per  24  hours  was  exactly  proportionate  to  its  size  (4.6  mg,

9.5  mg,  and  13.3  mg,  respectively  [22].  Chitosan,  an  N-

deacetylated derivative of chitin, is the novel drug reservoir

or  drug  carrier  for  controlled  release  due  to  the  structural

flexibility of mechanical and chemical manipulation [23].

Donepezil

The  transdermal  application  of  donepezil's  pre-

scribed dose form was evaluated in late 2008. Because of the

enzyme's great potency and selectivity in the CNS, it  is  the

most efficient cholinesterase inhibitor [24].  There is  differ-

ence  between  Cmax  oral  verses  transdermal  patch  of

donepezil.  For  oral  it  ranges  from  3.2–11.6  ng/mL  after

3.2–4.7  h  and  its  elimination  half-life  ranges  from  53.8  to

82.8  h.  transdermal  patch Cmax ranges  from 5.24 to  20.36

ng/mL  at  74  to  76  h  and  its  elimination  half-life  is  ranges

from 63.77 to 94.07 h [1]. So different study proposed vari-

ous type patches like Drug-matrix-in-adhesive patches and

drug-reservoir-in-adhesive patches were proposed by Valia

et al. The migration of medicine from the reservoir into and

through the adhesive layer resulted in a faster input of func-

tional material in the second edition. These approaches en-

abled controlled release by modifying the patch's active sur-

face,  which comes into direct contact with the skin surface

[14].  To  improve  compliance,  a  new  method  of  delivering

DPZ via transdermal patch was devised. By dissolving dicar-

boxylic  acid  and  DPZ  in  ethanol,  ionic  linkages  were

formed, resulting in a stable ionic liquid (IL) state.  In both

in  vitro  and  ex  vivo  skin  permeability  investigations,  DPZ

ILs  and  DPZ  IL  patch  formulations  fared  better  than  the

DPZ free-base patch [25].

Another  approach  for  increasing  distribution

across the skin, efforts to improve skin permeability are be-

ing  studied  extensively,  with  microneedles  showing  great

promise.  Hydrogel-forming  microneedles  are  placed  into

the  skin,  and  after  dissolving  a  drug-loaded  reservoir  and

moving the drug via the formed channels,  the microneedle

array is withdrawn intact and may be securely discarded. In

vitro  penetration  of  donepezil  hydrochloride  from  patch

was 54.71g122.71g in 24 hours, while animal model plasma

values were 51.817.6ng/mL [5].

Phenserine

Phenserine, a physostigmine derivative, was initial-

ly  reported  as  an  acetylcholinesterase  (AChE)  inhibitor.  It

reduces  APP  translation,  which  reduces  the  quantity  of  -

amyloid  precursor  protein  (APP)  in  neuronal  cell  culture.

Phenserine  is  additionally  distinct  due  to  the  different  ef-

fects  of  its  enantiomers:  The  potent  enantiomer  for  AChE

inhibition is (-)- phenserine, but (+)-phenserine ('posiphen

') has limited action as an AChE inhibitor and may be dosed

considerably higher. Phenserine has the same drawbacks as

other  anticholinesterase  medications,  such  as  digestion,

metabolism, and first-pass hepatic absorption. PST phase 3

studies in Europe show that the duration of action may re-

strict  any clinically significant activity of  PST. So transder-

mal formulations of PS and PST (ointment/ patch) were cre-

ated and characterised in vitro and in vivo to minimise the

kinetic limits of first-pass metabolism. They believe that ad-

vantages  over  oral  treatments  may  include  avoiding  first--

pass  metabolic  effects  and  improving  dosage  compliance

[26].

Galantamine

Galantamine is a competitive, reversible tertiary al-

kaloid AChE inhibitor. The medication targets AChE (selec-

tive) rather than butyrylcholinesterase. Galantamine, in ad-

dition to inhibiting AChE, interacts allosterically with nico-

tinic  acetylcholine receptors  to  enhance the effect  of  agon-

ists  at  these  receptors  [27].  Galantamine  was  created  as  a

drug-in-adhesive  transdermal  patch to  offer  a  new therapy

option for Alzheimer's patients. The impacts of formulation

features  such  as  pressure-sensitive  adhesives,  enhancers,

and  medication  concentration  were  investigated  [28].

Another  formulation  was  developed  as  an  optimised  ma-

trix-type patch for transdermal distribution of galantamine

free base using four pressure sensitive adhesives (each with

a different functional group). The diffusion release kinetics

of  an  optimised  patch  were  well  matched  with  Higuchi's

model,  providing  a  permeation  rate  of  32.4  1.41  g/cm2/h
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over human cadaver skin [29].

Noncompetitive N-Methyl-D-Aspartate

Memantine

Memantine has been licenced for the treatment of

moderate  to  severe  Alzheimer's  disease  dementia  in  the

United States and the European Union. Memantine (Ebixa,

Axura, Namenda, Akatinol) is a voltage-dependent, moder-

ate-affinity  NMDA-receptor antagonist  with fast  on/off  ki-

netics  that  inhibits  excessive  calcium  influx  produced  by

chronic  NMDA  receptor  overstimulation  [46].  Increased

NMDA receptor activation was thought to be a role in cho-

linergic  cell  degeneration.  Memantine  works  by  inhibiting

NMDA receptors during the extended-release of low gluta-

mate  concentrations.  It  was  developed  in  a  transdermal

dose  form  as  an  alternative  therapeutic  method  for

Alzheimer's  disease  [30].

Some another  formulation  like  fabricated  patches

were prepared for memantine, and from all of them Formu-

lation B2 containing 137.5 mg HPMC, 400 mg EC, and 300

mg xanthan gum had a flux of 212.24 g/cm2/h, permeability

of 2.32 cm/h, and 27.95% release at 8h, with first-order and

non-Fickian drug release kinetics. It was non-irritating, and

in vitro release experiments revealed that it may be released

for up to 48 hrs. In vivo experiments in rabbits revealed that

the patches provided better medication absorption and sus-

tained release than tablets [31].

Other Drugs

Huperzine A

Huperzine  A  is  a  substance  derived  from  the

plants  Chinese  club  moss  (Huperzia  serrata)  or  fir  club

moss (Huperzia selago). It can also be created in a laborato-

ry. People with Alzheimer's disease or other kinds of demen-

tia take huperzine A to enhance memory and mental func-

tion.  It  is  also  claimed  to  treat  depression,  schizophrenia,

and a variety of other diseases, although there is no solid sci-

entific evidence to back up these claims. Qinying Yan et al.

investigate  the  efficacy  of  a  dissolving  microneedle  patch

(DMNP) as a transdermal delivery device for Hup A. In vi-

vo  pharmacokinetic  research  revealed  that  the  DMNP

group had a twofold longer Tmax,  a  fivefold longer t1/2,  a

lower Cmax (3:4), and a twofold bigger AUC (0-1) than the

oral group at the same dosage of Hup A. Pharmacodynamic

studies revealed a substantial improvement in cognitive per-

formance in AD rats treated with DMNP-Hup A and Oral-

Hup A compared to the control group. These findings show

that this predesigned DMNP is a potential option for deliv-

ering Hup A transdermally for the treatment of Alzheimer's

disease [32].

Newer  Techniques  for  Trasdermal  Patch
Based  Delivery

Microneedle-Based Patches

MN  technology  is  a  type  of  active  transdermal

medicine delivery intended to replace traditional syringe in-

jections.  The  MN  array  is  used  to  non-invasively  penetra-

tion  the  stratum  corneum  and  distribute  the  medicament.

These  arrays  are  made  up  of  micro-sized  needles  with

heights  ranging  from  25  to  2000  nanometers.  MNs  have

been  employed  in  a  variety  of  applications,  including

medicine and vaccine administration, cosmetics, and illness

diagnosis.

External  factors  like  as  skin  physiology,  physio-

chemical  properties,  and  environmental  conditions  can  all

have  an  impact  on  the  MN  drug  delivery  route.  These  in-

clude  the  relative  humidity  and  temperature  in  the  sur-

rounding area. Excess water and the presence of other salts

will interfere with drug release kinetics, altering the osmotic

gradient  for  transdermal  drug  delivery.  Excessive  sweating

can also prevent the microneedle patch from sticking to the

skin, reducing medicine elution through the skin. Similarly,

medicine penetration into the stratus corneum and beyond

can  be  reduced  by  either  low or  extremely  high  pH values

near the skin [33].

Excessive lipid film formation on the skin forms a

barrier layer to the stratus corneum, and defatting this layer

can  help  with  transdermal  absorption  and  in  case  raising

skin temperature can improve medication penetration by in-

creasing  diffusivity  and  vasodilation  of  skin  arteries  [34].

When compared to the oral route, the pharmacokinetics of

microneedles  indicate  quick  absorption  in  the  circulation,
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which might  be useful  for  treating localized disorders  with

considerably lower drug loading. When opposed to solid mi-

croneedles,  hollow microneedles act as drug reservoirs and

have  the  ability  to  carry  greater  doses.  Solid  microneedles

constructed  of  ceramic  or  metal  materials  can  be  coated

with  very  accurate  drug  formulations  utilizing  inkjet  and

spray atomization processes.The amount of medicine load-

ed for microneedle depends heavily on the medication kind,

intended treatment plan, and patient profile. Because of the

control  over  manufacturing  processes  and  drug  loading

methods, MNs provide a very accurate delivery mechanism

[35]. Microneedle devices are currently available (single nee-

dle  with  applicator,  microneedle  array  patch,  microneedle

pen, microneedle pump patch, and microneedle roller) [36].

According  to  a  recent  Future  Market  Insights  study,  the

Minnesota  drug  delivery  system market  will  be  worth  $1.2

billion by 2030, with a compound annual growth rate (CA-

GR) of 6.6% [37].

Figure 2: Microneedle-Based Patch

There are some Advantages of MN:

MN  is  regarded  as  one  of  the  greatest

methods for transdermal medication administration

since  pharmaceuticals  supplied  through  this

approach bypass critical human organs such as the

liver.

Furthermore,  by  offering  a  pain-free

experience, it removes the suffering associated with

IV injection  so  as  a  result,  it  is  regarded  as  the

greatest option for persons who are afraid of needles

(trypanophobia). Because microneedle transdermal

medication administration does not require skilled

staff, it is simple to utilize.

Furthermore, the stratum corneum acts as

a  barrier,  preventing  therapeutic  agent  molecules

from  passing  through  the  skin  and  reaching  the

epidermis  or  dermis  layers,  reducing  the  risk  of

infection entering the body.

In  contrast,  a  microneedle  may  pass

through the stratum corneum barrier  and deliver

drugs  into  the  epidermis  or  higher  dermis  layer

without producing discomfort. The MN array is also

long  enough  to  penetrate  the  stratum  corneum

while being short enough to avoid skin injury or

contact  with  nerve  terminals,  making  it  painless

[38].

But above this advantages they have Disadvan-
tages too:

Using a microneedle for transdermal drug

administration  has  drawbacks  such  as  increased

application  time,  many  patches  within  a  given

region, a certain mechanical strength need, and a

suitable biocompatible material.

The micro needle patch method may have
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an  impact  on  dosage  settings  and  may  result  in

undesirable side effects.

The kinetic  effectiveness  of  the MN device is  also

dependent  on  it  being  perpendicular  to  the  skin  surface;

otherwise, the medication dosage may escape or the needles

may struggle to enter the skin at non-conformal angles. Fur-

thermore, repeated use of microneedles may cause scarring

on the skin's surface. There may also be flaws in the geome-

tries and shapes of needle formations that limit their effica-

cy.  Hollow  MNs,  for  example,  may  have  their  micropores

blocked due to compressed tissue in particular skin types, al-

tering  their  delivery  kinetics  and  penetrability.  However,

there  are  inherent  limitations  to  adopting  TDD  technolo-

gies  in  general  that  are  not  unique  to  MNs.  Examples  in-

clude skin irritation, redness, pain, edoema, and infection at

the application site [38].

Table 4: Types of micro needles [39]

MN type Characteristics Materialdelivary
rate Application Advantages Disadvantage Multi/singleuse

Solid

The skin forms channels
that let drugs penetrate to

the bottom layer of
skin..Mechanical strength

is adequate.Sharper
point.Simple architecture

Silicon Metal
Polymer, fast

rate

Drug
delivery

Cosmetic

It can be
fabricated

Patch is
susceptible to

infection
Can be reuse

Hollow

An empty form that will
be filled with the

medication.Controlling
drug release over

time.Simple architecture

Silicon, fast rate Disease
diagnosis

Large
amount of

drug can be
incorporated

Here needle
design,

insertion
method can

lead in
problems like

leakage,
clogging.

Can be reuse

Coated

Because of the design, it
carries less of the

drug.The ability to
distribute proteins and

DNA with little
invasiveness.Intricate

structure

Silicon, fast rate

Drug
delivery
Vaccine
delivery

It enables
quick

delivery to
skin

Patch is
susceptible to

infection
Single purpose

Dissolving

Allows for the fast release
of

macromolecules.Structure
that iscomplex

Polymer, slow
rate

Drug
delivery

Cosmetic
Vaccine
delivery

Administered
easily in one

set
application

It requires
expertise skills

during
manufacturing
and take time

to dissolve.

Single use

Nanoparticle-Based Drug Delivery

NPs used to transport medications across the BBB

range in size from 1-100 nm. Nanoparticles who can target

Alzheimer disease should have these properties:

(A) Liposomes containing AchE inhibitors that tar-

get cholinergic system dysfunction.

(B)  1.  Anti-tau  medication  including  SLNPs  and

functionalized  phosphatidylserine  that  targets  hyperphos-

phorylated  tau  proteins.

2. PLGA-PEG with anti-A antibody aids in the tar-

geting, solubilization, and clearance of A fibrils.

(C) AuNP modified with capture antibody target-

ing A and tau proteins, forming a sandwich with secondary

antibody  for  identifying  AD hallmarks.  AchE is  for  acetyl-
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cholinesterase; NMDA stands for N-methyl D-aspartate an-

tagonist;  A  stands  for  amyloid  beta  fragment;  PEG  stands

for polyethylene glycol; SLNP stands for solid lipid nanopar-

ticle; NP stands for nanoparticle; PLGA stands for poly D,L-

lactic-co-glycolic  acid;  AuNP  stands  for  gold  nanoparticle

[40].

Types of Nanoparticle

Liposomes:  Liposomes  are  tiny  vesicles

with spherical, double-layered phospholipid bilayer

membranes.  The liposomes'  interior compartment

can be employed to transport hydrophilic payloads.

When incorporated  into  liposomes,  commercially

available  AD  treatments  such  as  galantamine,

rivastigmine, and donepezil demonstrated effective

penetration and increased bioavailability.

Micelles:  Micelles  are  spherical  amphi-

philic drug carriers with particle sizes ranging from

5 to 50 nm, each with a unique hydrophilic shell and

hydrophobic  centre.  The  hydrophilic  shell  makes

micelles  water  soluble,  allowing  for  intravenous

delivery,  while  the  hydrophobic  centre  delivers

medicinal drugs.

Solid  Lipid  NPs  (SLNs):  At  room  and

physiological  temperatures,  SLNs  are  solid-state

lipid-based  network  structures  50-1000  nm  in

diameter  with  a  lipid-forming  core.  These  SLNs

allow  for  high  trapping  and  regulated  release  of

hydrophobic  medicines.  SLN has  now established

itself as a reputable drug carrier system capable of

transporting active medicinal cargo across the BBB

to particular target locations in the brain.

Polymeric  NPs  (PNPs):  PNPs  are  solid

carriers  made  of  natural  or  manmade  polymeric

polymers  containing  nanosized  colloidal  organic

molecules. Recently, a wide range of polymers have

been studied with the objective of developing PNPs

capable of targeted drug delivery for the treatment

of Alzheimer's disease.

Dendrimers:  Dendrimers  are  molecules

that are regularly branched and have a well-defined

and multivalent 3D shape.  A dendron is  the sole

functional  unit  of  a  dendrimer  that  germinates

branches.  The  cargo  medications  are  either

connected  to  the  dendrimer 's  surface  or

encapsulated  within  its  branches.

Nanoemulsions  (NEs):  Es  are  nanosized

isometric mixes of oil and aqueous phases that have

been  stabilised  by  surfactant  or  co-surfactant

molecules  to  create  a  single  phase.  High-pressure

homogenization, ultrasonication, and an emulsion

inversion point are used to prepare them

Inorganic NPs: Organic nanoparticles are

made up of a wide variety of materials,  including

gold, silver,  aluminium, and silicon dioxide. They

are  non-toxic,  hydrophilic,  biocompatible,  and

extremely stable in comparison to organic materials.

They  have  received  significant  attention  in

preclinical  research  as  prospective  diagnostic  and

therapeutic systems for a wide range of applications,

including  imaging,  medication  delivery,  and

radiation  development  [40].

Table 5: Nanoparticle-based drug delivery systems to treat AD (transdermal) [40]

Drug Carrier Materia Particle
Size(nm

Zeta
Potential(mV) Outcome

Donepezil
Stearic acid, oleic acid,

lecithin,sodium
taurodeoxytaurocholate

177.05±
2.12 −55.35

in vitro: Increased drug skin
permeation.Enhanced drug

delivery

Rivastigmine GMS, castor oil 134.5
±15.1 −11.8 ±2.24

in vitro/in vivo: Non-
irritant.

Enhancedbioavailability.
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Recent Advancement of Transdermal Patch

1. Smart Patches:  A team of researchers devel-

oped a smart patch sensor technology in 2014 that uses mi-

croneedles to monitor intradermal glucose constantly and

painlessly in diabetics. With the use of sensors and other

technology, smart patches are able to monitor patient condi-

tions and adjust the way that medications are administered

[41].

2. Dissolving/Degradable Patches: These patches

don't need to be taken off or disposed of because they are

meant to dissolve into the skin. Usually made of biodegrad-

able materials, these patches are absorbed by the body after

use.  In  a  proof-of-concept  paper  published  in  2019,  re-

searchers effectively administered the antibiotic gentamicin

via a dissolving patch in a mouse model of bacterial disease

[42].

3. Three-Dimensional (3D)-Printed Patches: Re-

searchers are employing 3D printing technology to develop

customized transdermal patches that  may be adjusted to

each patient's specific needs. A 3D-printed patch for wound

healing is a nice example. Jang et al.  investigated gelatin

methacrylate (GelMA) as a promising solution with cus-

tomizable physical characteristics [43].

4. High Loading/Release Patches: Precise drug re-

lease and high drug loading are required for long-acting

transdermal drug administration. A novel pressure-sensi-

tive adhesive (PSA) modified with hydroxyphenyl (HP) was

created to improve drug-polymer miscibility and allow for

controlled drug release [89].  The findings show that du-

al-ionic H- bonds between R(3)N and R(2)NH-type medica-

tions and HP-PSA are reversible and quite strong, in con-

trast to ionic and neutral H-bonds. This made it possible for

patches to limit drug release rate by 1/5 to 1/2 while improv-

ing drug loading by 1.5–7 times, all without changing the re-

lease profile overall [44].

Transdermal patches may also be used for the fol-

lowing other purposes: Diseases That Are Infectious Hormo-

nal  Deficiencies,  Transdermal  Patches,  and  Contraception

Transdermal Patches and Heart Conditions Stratum Trans-

dermal,  Gene  Therapy  Vaccination  patches,  transdermal

patches  [45].

Conclusions and Future Challenges

Transdermal  patch  technology  related  to

Alzheimer disease is  a  valuable medication delivery system

with several benefits over conventional methods of adminis-

tration.  Patches  can  avoid  the  digestive  system  and  first--

pass  metabolism,  allowing  for  continuous  medication

dosage throughout time. It provides avoidance of gastro in-

testinal  side  effect  that  is  specifically  related  to  cho-

linesterase  inhibitor.  Many  improvements  in  transdermal

patch  technology  have  occurred  in  recent  years,  including

the Nano particle and microneedle based transdermal patch

formulation  that  help  to  overcome  the  problem  related  to

dose dumping. There is some resent advancement in trans-

dermal  patch  manufacturing  for  the  treatment  of  disease

like diabetes. Transdermal patches have the potential to be a

convenient and effective way of drug delivery for a number

of  conditions,  but  there  are  still  some  obstacles  to  over-

come, like the risk of self-inflicted toxicity due to improper

dosing, poor adhesion, low drug penetration, potential trig-

ger  for  skin irritation,  or  patch failure.  Therefore,  we need

to  create  smart,  dissolving/biodegradable,  high-loading/re-

lease, and 3D-printed patches. All of these point to the need

for more study and development to raise the delivery tech-

nology's level of safety and effectiveness.
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