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ABSTRACT

In the past, the most affordable way of drugdelivery systemwas oral.
Traditionaldosage forms such as capsules, pills, and tablets have been followed for
ages, but they present various challenges such as intermittent dosing frequency, first-
pass metabolism,poor absorption and bioavailability, poor patient compliance, and
swallowing difficulties in geriatrics and pediatrics. To avoid these problems, an
improved method of administering the drug to the body was introduced. TDDS aims
to transport a drug molecule through the skin and has several advantages such as
neglecting first-pass metabolism, delivery of the drug when oral administration is not
appropriate, avoiding absorption of thedrug from the gastrointestinaltract, and ease
of use and removal. Transdermaldrug delivery isaskin barrier provided by itsouter layer
beforeitreachesthesystemiccirculation. This review covers new drug carriers, such as
niosomes, which can effectively encapsulate various drugs and can be used in
transdermal drug delivery systems to improve drug specificity and help overcome the
drug's barrier function for better absorption through the skin.

KEYWORDS:Niosomes, Transdermaldelivery,Patientcompliance,improvedabsorption,Better
bioavailability
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INTRODUCTION

Unlike injectable and oral methods,
transdermal delivery has the significant
advantage of patient acceptance
and avoidance offirst-pass
metabolism, allowing  continuous
infusion of drugs with short half-lives
into the body avoiding pulsatile entry
infto the bloodstream. they usually
have negative side effects!. Thus,
several innovative drugs havebeen
developed, including transdermal,
confrolled release, and fransmucosal
drugs. Transdermal drug delivery has

severadl important advantages,
including limitinghepatic first-
passmetabolism, improving

therapeutic efficacy and maintaining
constant plasma drug levels2. Deposit
patches work in a very simple way. A
patch that is used on the skin for a
long time will receive a significant
dose.The drug is carried directly into
the blood vessels of the skin by a
diffusion process 34, Interest | in
transdermal therapy has increased in
recent years due to several variables,
such as new clinical data from
technology companies and
pharmaceutical companies looking
for new ways to extend drug patentss.
Advantages of TDDS- Befter
bioavailability,longer duration of
action resulting in reduced dosing
frequencyé. TDD is a good alternative
to a short half-life drug. Flexibility to
stop drug therapy by simply
withdrawing.With these systems it is
possible to self-regulate 78. They are
not invasive; they avoid interruption of
parenteral therapy and maintain
plasma concentrations of powerful
drugs °.
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AdvantagesofTDDS

1. Betterbioavailability

2. Prolongeddurationofactionleadingtore
duceddosingfrequency.

3. Transdermaldrugdeliveryisagoodaltern
atfivetoadrugwithashorthalf-life.

4. Flexibilitytostoptakingmedicationbysim
plyremovingthespotfromtheskinwithout
discomfort.

5. Fewersideeffects.

6. Self-
regulationispossiblewiththesesystems.

7. Theyarenotinvasive;theyavoidinterrupti
onofparenteraltreatment

8. Theymaintaintheplasmaconcentration
ofeffectivedrugs.

DisadvantageofTDDS

1. Drugsensitivityorskinsensitivityisnotsuit
ablefortfransdermaltreatment.Manydru
gs.especiallythosewithhydrophilic
properties, penetrate the skin very
slowly and cannot be effective in all
possibilities of an allergic reaction 1°.

2. When administering an ionic drug,
drugs of high molecular weight cannot
be taken at a therapeutic level. There
is a significant delay in 1112,

3. LimitationsofTDDSSkinpenetrationlimit
ations,useofonlypotentdrugsandincom
patibilitywithlargemolecules(molecules
above 500 Daltons)

4. Highly soluble drugs cannot be
delivered by this methoddue to their
limited fat and water contfent.
Medicines can break down in the skin.
lonic drugs cannot be delivered by this
mechanism 13,

LimitationsofTDDS

1. Limitsofskinpermeability,useofonlypote
ntdrugsandincompatibilitywithlargemol
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ecules(moleculesabove500Daltons)

2. Verysolubledrugscannotbeadministere
dbythismethodbecausetheyarebothw
aterandfatsoluble.

3. Notacceptediftheycauseskinirritation.

4. Adhesionofthepatchtotheskin.

5. Thedrugcanbreakdownintheskin.

6. lonicdrugscannotbedeliveredbythisme
chanism.

7. TDDSonlyworkswitheffectivedrugs'4.

ANATOMYANDPHYSIOLOGYOFSKIN

The blood circulating in the body is
received by the largest organ of the
body, the skin, which covers an area
ofabout 20 square feet. It increases

Hypodermis Fat

Bone

Mehra et al.,

the body's sensitivity to cold and heat
and helps control key messages. The
skin acts as a barrier that prevents
sweat and excess water from leaving
the body.The purpose of skin, the multi-
layered outer layer of our body, is to
protect it from natural hazards,
including chemical heat and tfoxins!s.
Each of ifs skin layers has properties
that prevent transdermal spread,
including the epidermis, which acts as
a barrier between us and the
environment, and the dermis, which
has blood vessels and produces skin
cells 16,

Dermis

Epidermis

Figno.1 -Anatomyoftheskin

The complex web-like structure of the
skin acts as the body's first line of
defense against infection, UV rays,
toxins andmechanical damage. The
stfralum corneum (dead epidermis)
and the active epidermis are
complementary parts of the epidermis.
Stratum Lucidium, Stratum
Granulosum, Stratum Spinosum, and
Stratum Germinativum are the four
layers that make up theactive
epidermis. The stratum corneum, the
outer layer of the skin, which acts as a
barrier to external objects, is where the
protective quality of the epidermis is
first observed. The inhibitory effect is
crucial for the transport of drugs of

high molecular weight 17. For high
molecular weight substances, the
intracellular approach is used and is
more commonly used than the
intercellular approach. However, this is
because the skin component known
as lipid, which contains cells as well as
hydrophilic and hydrophobic
chemicals, did not develop during skin
formation on a completely normal but
normal surface 1819,

Routesofpermeationthroughskin20.21,
1. Intercellularroute
2. Infracellularroute

BasicelementsofTDDS22.23,
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i. Polymermatrix

i. AP

iii. Permeationenhancers
iv. Differentexcipient

1) PolymerMatrix:
Thischemicalingredientregulateshowqui
cklythemedicationisreleasedontothewire
.Thepolymercannotbeusedin
transdermal patches unless the following
requirements are satisfied. The polymer
must exhibit the following pre-requisites:

« Stability

« Non-toxicandeaseofmanufacture.

o Thepolymershouldbereasonablypri

ced?,

Thefollowingpolymersaresuitableforstratu
mdevices:

o NaturalPolymers:GelatinfromCellul
ose, Wax,NaturalRubber,Starch,etc

o Synthetic elastomers include,for
example,polybutadiene,
hydrationrubber,
polysiloxane,nitrile,
propenonitrile, styrene-
butadiene rubber, and others.

o Synthetic polymers,

such as PVC,

polyvinyl alcohol,

polyamide, polyureq,

polyvinyl pyrrolidone,
polymethylmethacrylate, epoxy,
etfc.25,

2) Drug

The medicine should be carefully
chosen for the effective development of
a TDDS. The following are some
characteristics of amedicine that are
ideal for fransdermal distribution:
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1. AMWoflessthan1000Daltonisrequired.

2. Thedrugshouldhaveaffinityforbothlipop
hilicandhydrophilic.

3. Thedrugshouldhavealowmelting point.

Biologicalproperties:

1. Themedicationshouldbeeffectiveatad
oseofonlyafewmilligramsperday.

2. Thehalf-lifeneedstobe brief.

3. Themedicationmustnotcauseanallergic
orirritatingreactionontheskin.

4. Transdermaladministrationisappropriat
efordrugsthatbreakdowninthedigestive
tract.

5. Drugsthatmustbetakencontinuouslyov
eranextendedlengthoftimecanbedesi
gnedfortransdermaldelivery?s.

3) PermeationEnhancers:

These chemicals increase skin porosity
by modifying the skin's barrier function
to the flow of desired product. To
promote  skin penetration, the
dehydrator is = supposed to  have
touched one or more of these layers.
Many computers have been studied
for their capacity to increase stratum
corneum permeability 27,

Chemical enhancer: Chemicals that

promote the penetration of topically

applied drugs are commonly referred to

as accelerants, absorption promoters, or

penetration enhancers.

Classificationofchemicalenhancers:

1. Terpenes.e.g.menthol,carvone,etc.

2. Pyrrolidone’s:e.g.N-methyl-
2pyrrolidone,azone, etc.

3. Fattyacid:e.g.oleicacid,lauricacidetc.

4. Sulfoxides:e.g.dimethylsulfoxide.

5. Alcohols:e.g.ethanol,octylalcohol, etc.

6. Miscellaneousenhancer:e.g.Phospholi
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Fig.no.2lllustrationofdifferentlayersof Transdermalpatch

SKINBARRIERSTHATNEEDTOBEOVERCOMEI
NDELIVERINDRUGTRANSDERMALLY

A) STRATUMCORNEUM

The outer layer of the skin is primarily a
rate-limiting barrier that tends to limit
the entry and exit ~of chemical
substances info the skin. The stratum
corneum is also called the stratum
corneum and its protective function
depends on the components from
whichitismade, i.e.75-80%proteins,5-
15%lipidsand5-
10%ondansetron,calculated on
thedryweightofthelayer.corneaofmate
rial.  The cornea is relatively
impermeable but also flexible, while
the stratum corneum is composed of
coenocytes embedded in a lipid
matrix that is crucial for the protective
barrier function of the skin. The
absorption of drugs and the ability to
reach the systemic circulation involves
several steps, for example:

a) Dissolution in the preparation and
release of the preparation.

b) Distribution in the outer layerofthe
skin,stratum corneum.

c)Diffusion mainlythrough the stratum
corneum (SC) through intercellular lipid
pathways

d)Diffusion intfo the aqueous solution of
the epidermis coming from the SC,
diffusion  through the incoming
epidermis and into the upper dermis,
and adsorption into the papillary
dermis 27,

B) TIGHTJUNCTIONS

Tightjunctionsactasabarrierinepidermalg
ranulosis.Atightjunctionusuallyformsabarri
ertoparticlesormoleculesof different
sizes. Tight junctions, especially claudins,
can prevent the charge-selective
transport of compounds3o.
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C) Hyaluronicacidmatrix:

Gel-
likemaftrixofdermiscomposedofhyaluro
nicacidan
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ismatrixlimitsthediffusionof  molecules,
especially large molecules, through
the skin3!.

dothergly ysystem

Conventionaldrugdeliver| Targetedpolymericdrugdeliverysystem

COsaMINO  Affecthealthytissue/organs | Donotaffecthealthy tissue/organs

glycans.Th | Bioavailabilityislow

Highbioavailabilityandbiocompatibility

Non specific Specific

ticeffect

Lowerefficacyandtherapeu| Higherefficacyandtherapeuticeffect

Toxicitylevelishigher

Toxicitylevelislower

Highdoserequired

Lowdoserequired

Highersideeffect

Lowersideeffects

Tablel. COMPARISONOFCONVENTIONALANDPOLYMERICDRUGDELIVERYSYST

EM

TRANSDERMALDELIVERYOFDRUGSVIANO
VELCARRIER:NIOSOMES

Niosomal formulations are believed to
have several advantages over
standard topical formulations,
including better solubility, better
pharmaceutical  activity,  stability,
resistance to toxicity, and absorption.
Many disease models have recently
been applied to study TDDS using
niosomes, and current research
focuses on protocol optimization and
innovative formulation32, Transdermal
delivery of drugs contained in
niosomes increased the rate of
penetration, as the slow penetration of
the drug through the skin is a major
limitation. Disadvantage of

transdermal administration to  other
dosage forms. The local-distribution of
erythromycin from several
formulations, including niosomes, was
studied in hairlessmice, and confocal
microscopy showed that anionic
vesicles can be engineered to target
sebaceous glands. nanocarriers, which
have been an immediate drug
delivery strategy due to their
undoubted advantages. They have

amphiphilic molecular lamellar
structures enclosed in a  fluid
compartment. Surfactants are

amphiphilic and have hydrophobic
and hydrophilic groups that can self-
assemble info  various geometric
shapes, such as micelles or planar
lamellar bilayers. Sorbitan esters and
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analogs based on polyoxyethylene,
polyglycerol, sometimes in
combination with membrane additives
such as cholesterol, can be used as
potential drug delivery methods 34 .

MERITS

1. Alowerdoseisneededtoachievethecorr
ecteffect.

2. Cancapturebothlipophilicandhydrophi
licdrug.

3. Canincreasetheabilityofthedrugtoreac
hthe skin.

4. 1fnecessary,thepropertiesofthedruginth
ebubble,suchassizeandlamellarity,can
bechanged.

5. Vesiclescanactasreservoirsthatallowco
ntrolledreleaseofdrugsovertime.

6. Canbeusedforseveraldrugsbecauseth
eirstructureslowstheentrapmentofboth
hydrophilicandlipophilicdrugs.

DEMERITS

1. Fusion
2. Aggregation
3. Leakageofencapsulateddrug?.

FORMULATIONCOMPONENTSOFNIOSOME
S

Thetwomainingredientsutilizedtoprepare
niosomesarenon-
ionicsurfactantsandcholesterol.

Rigidity and the right form are provided
by cholesterol.The Niosome production is
significantly influenced by surfactants.
For the manufacture of niosomes non-
ionic surfactants such as:

| Hydrophobic Drug

| Hydrophilic Drug
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a) spans(span20,40,60,85,80)
b) tweens(tween?20,40,60,80)
c) Brij(Brij30,35,52,58,72,76)3¢.

Because several mechanisms have
been proposed to account for
niosomes' ability to enhance
transdermal drug transport, but a single
mechanism is not sufficient. Suggestions
include: a change in the protective
function of the stratum corneum
fromreversible  disruption  of  lipid
organization and a reduction in trans
epidermal water loss leading to
hydration of the stratumcorneum and
relaxation or absorptfion/fusion of its
tightly packed cell structures.
alternatively, niosomes can fuse with
the cell membrane,whichwouldresult in
acomplete mixingofthecytoplasm
andniosomes  contentsif  thematerial
enteringtheniosomes cavity is-released
into the culture medium by lysozymes;
ispresent  in the cytoplasm @ and
degrades or can disrupt the membrane
of niosomes 38372, Many studies have
shown significant contributions to the
evaluation of Niosome vesicles as a
permeabilityenhancer.The goal of the
researcher was to find out if the
stfructural sequenceof the niosomes
used to transfer the active molecule
determines the greater penetration of
hydrophilic drugs through the skin,
which is always seen in vesicular
systems, or if itdepends only on ifs binary
nature of surfactant used to make
Niosomal molecule40.

Aqueous Core |

Hydrophilic Surfactant l

Bilayer of Hydrophobic tails of surfactants
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Figure3-StructureofNiosome

because several mechanisms have
been proposed to account for
niosomes' ability fo enhance
transdermal drug transport, but a single
mechanism is not sufficient. Suggestions
include: a change in the protective
function of the stratum corneum
fromreversible  disruption  of  lipid
organization and a reduction in trans
epidermal water loss leading to
hydration of the stratumcorneum and
relaxation or absorption/fusion of its
tightly packed cell structures.
alternatively, niosomes can fuse with
the cell membrane,whichwouldresult in
acomplete mixingofthecytoplasm
andniosomes contentsif  thematerial
enteringtheniosomes cavity is released
into the culture medium by lysozymes;
ispresent.._in _the cytoplasm  and
degrades or can disrupt the membrane
of niosomes 3832, Many studies have
shown significant contributions to the
evaluation of Niosome vesicles as a
permeabilityenhancer.The goal of the
researcher was to find out if the
structural sequenceof the niosomes
used to transfer the active molecule
determines the greater penetration of
hydrophilic drugs through the skin,
which is always seen in vesicular
systems, or if itdepends only on its binary
nature of surfactant used to make
Niosomal molecule40.

Here'showniosomeshelpintransdermaldru

gdelivery:

1.

Improved penetration: niosomes
can encapsulate drugs in their
aqueous compartments or lipid
bilayers formed by surfactant
molecules. This capsule protects
the drug from degradation and
improves its penetration through
the layers of the skin. The lipid
bilayers of niosomes can fuse
with the lipids of the stratum
corneum (the outermost layer of
the skin), which facilitates the
transport of drugs info the
deeper layers of the skin4!,
Targeted delivery: Niosomes can
be designed to deliver drugs to
specific skin layers or even
target skin cells (e.q.,
keratinocytes or fibroblasts).This
targeted delivery reduces
systemic exposure and can
improve  freatment  efficacy
while minimizingsideeffects.
Controlledrelease:Thelipidbilayer
structureofniosomesallowscontro
lledreleaseofdrugsover a long
period of fime. This long-lasting
profile may result in a prolonged
therapeutic effect and reduced
frequency of administration.
Biocompatibility: Niosomes are
generally biocompatible and
biodegradable, reducing the
risk of toxicity or irritation when
applied to the skin. This property
is crucial for the development of
safe fransdermal drug delivery
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systems. efficient and safe transdermal drug
4. Stability: Niosomes help protect delivery systems.

drugs from degradation due to

enzyme activity or changes in METHODOFTRANSDERMALDRUGDELIVERYT

the pH of the skin environment. HROUGHNIOSOMES

This stability ensures that a

sufficient amount of the active « BilayerFusion:Niosomescanfusewi

drug reaches the target intact. ththelipidbilayersoftheskin,releasi
5. Versatility: Niosomes can ngthedrugdirectlyintotheskin

encapsulate both hydrophilic layers43,

and hydrophobic drugs, making « Endocytosis:Niosomescanbetake

them versatile for tfransporting nupbyskincellsthroughendocytosi

various pharmaceutical s, deliveringthedrugintothecytopla

compounds across the skin Sm44,

barrier42, » FluidizationofLipidMatri

x:Niosomescanfluidizet
hestratumcorneumlipid
mafrix,whichincreasest
he permeability of the
skin to the
encapsulated drug#s.

Together, niosomes improve
fransdermall drug delivery by
improving drug penefration through
the skin, providing targeted delivery to
specific skin layers, enabling controlled
release, ensuring drug stability and
maintaining biocompatibility. These
properties make niosomes promising
carriers for the development of

Advantages In

Transdermal:
1.Targetted delivery MoA:
2.controlled release 1.Bilayer Fusion
3.Improved 2. Endocytosis
penetration. 3. Fluidization of

4 . versatility Lipid matrix

5. Biocompatibility
6. Stability |
Fig.4 Mode | PNz of action
(MoA) b — .
. / S : BARRIERS to skin
) /_/ o =g permeation:

3 1.Stratum Corneum
S 2_Hyaluronic acid

lipophilic NIOSOMES matrix
drugs Aqueous 3.Tight Junctions
Compartment
and hydrophilic
drug
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andstructuralcompartmentsofNiosomes
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METHODOFPREPARATIONOFNIOSOMES

1) HANDSHAKINGMETHOD

The surfactant and cholesterol mixture
are dissolved in 10ml of diethyl ether in
an RBF. The ether is evaporated under
vacuum at room temperature in a
rotary evaporator. Upon hydration, the
surfactant swells and detaches from
the substrate to form a membrane, as
in lipids in lipid-based membrane. The
swollen amphiphiles then eventually
fold to form vesicles. The fluid
remaining in the vesicles appears to
be smalli.e. 5-10 %.

2) EXTRUSIONMETHOD

Niosomes were prepared by using
C16G2 a chemically defined non-ionic
surfactant by extrusion through a
polycarbonate fim. It is found that
using the extrusion method vesicles of
mean size diameter 136nm could be
prepared .

3) ETHERINJECTIONMETHOD

The niosomes in this method are
prepared by gradually infroducing a
solution of surfactant: drug: cholesterol
utilizihng a 16 or 14- gauge needle into
an  aqgueoussolution  maintained at
60°C.The ether evaporation leads to
the formasingle lamellar vesicle that
have a size range between 50-1000
nm.

4) SONICATIONMETHOD
A mixture of drug solution in buffer,

surfactant, and cholesterol was
sonicated with a titanium probe

Mehra et al.,

sonicator at 60°C for 30 minutes fo
yield niosomes .

5) TRANSMEMBRANEPHGRADIENTDRUGUPT
AKE:

Surfactant: cholesterol is dispersed in
chloroform in a round-boftomed flask.
The evaporation of solvent is done
under negative pressure to get the thin
film on the wall of the flak. The film is
then hydrated with 300mm citric acid
(PH 4.0) by vortexing which willform
multilamellarvesicles.They
arethanfrozenandthawedthreetimesa
ndlatersubjectedtosonicatetohave
niosomes.To this formed niosomal
suspension, an aqueous drug solution
is added and vortexed. To maintain
the pH between 7.0-7.2, phosphate
buffer is-used. Then the mixture is
heated at 60°c for 10 minutes to yield
niosomes4é,

NIOSOMALFORMULATIONFORTRANSDERM
ALDELIVERY
Differentniosomalformulationsfortransder
maldrugdeliveryinclude:

1. Niosomalgelformulations:
Theseformulationscombin
eniosomeswithagelmatrixt
oimproveskin adhesion
and confrol the rate of
drug release. Examples
include preparations
containing Carbopol or
hydroxyethylcellulose4’.

2. Niosomalcreams:
Theseformulationsmixnios
omeswithanemulsionbase
tocreatecreamsthatcan
improve drug penetration
and provide moisturizing
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effects4s.
Niosomalointments:Similartoc
reamsbutwithahigheroilconte
nt,niosomalointmentscanhelp
deliver drugs through the skin
while providing a barrier
effect4’.
Niosomalpatches:Thesearetr
ansdermalpatchesthatareinf
usedwithniosomes.Theyhelpi
ncontrolled release of drugs
over time and may improve
drug absorption through the
skin>0,
Niosomalmicroparticles:Th
esearesmallsphericalnioso
malparticlesthatcanbeap
pliedtopicallyto enhance
drug delivery and
absorption through the
skinSt,

Niosomalsprays:
Theseformulationsuseniosome
sinasprayableform,allowingfor
easyapplicationand even
distribution  over the skin
surface>?,
Niosomalencapsulatedactivei
ngredients:
Formulationsinwhichspecificdr
ugsoractiveingredientsare
encapsulated in niosomes to
improve stability and
confrolled release33.
Niosomallotionformulations:
Theseareliquidformulationsinc
orporatingniosomes,whichma
yfacilitate drug application
and absorption through the
skins4,

Niosomalemulsions:
Theseareliquidformulationsin
whichniosomesaredispersedi

Mehra et al.,

nanoil-in-wateror water-in-oil
emulsion, improving the
solubility and stability of the
drugss.

10. NiosomalPowders:Thesear
edryformulationscontainin
gdrugsencapsulatedinnios
omesthatcanbe
reconstifuted or applied
directly to the skin for local

deliveryss,
CONCLUSION
TDDS revolutionized the
pharmaceutical industry and

established its position in the drug
market through tropical routes. It limits
the first-pass metabolism in the liver,
improves- the therapeutic effect and
maintains a constant level of the drug
in the plasma. It is a dosing method to
evenlydistribute = medication at a
controlled and predetermined rate. In
addition, it has some disadvantages,
such as hydrophilic drugs that slow
down penefration andpatches that
can cause skin allergies or irritation.
Niosomes are vesicular nanocarriers
that have been introduced as magic
bullets toovercome these limitations
with  improved solubility, improved
pharmaceutical activity, stability,
toxicity resistance and absorption. In
addition, they are suitable for both
hydrophilic and lipophilic drugs and
have the potential to provide
effectivetherapyfor many diseasesthan
traditional drug delivery systems. The
technologyaffectingniosomes is sfill in its
early stages, and more research can
be done to create an effective
treatment.
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