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delivery methods. Drug delivery systems are
also covered in detail, along with design factors,
categories, and illustrations. Additionally, the
use of stimuli-responsive and intelligence
materials for targeted and smart medication
administration is presented together with recent
key discoveries. The obstacles and potential
prospects for regulated medication distribution
are discussed in the paper's conclusion.
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. INTRODUCTION

According to the FDA, an API is a substance thatlteen approved to be used in the
official pharmacopoeia and is intended to be usedhe diagnosis, treat, mitigation, or
prevention of illness. Giving a patient their mexdécin a way that exactly increases the
concentration of the drug in some bodily parts ostrers is known as drug delivery. [1].
Any delivery method should aim to extend, contangd target the medicine with a safe
interaction in the sick tissue. Every dosage foronststs of both a drug's active
pharmaceutical components (APIs) and excipientadulitives, which are substances that
aren't actually drugs (Figure 1). The actual chamaements utilised to cure illnesses are
known as APIs [2].

II. NEED FOR A DOSAGE FORM

Drug delivery systems (DDS) are often favoured esiiicis extremely unusual to
employ active pharmaceutical ingredients (APIs) thsy are" in clinical settings. For
particularly powerful medications (such as low nmgl @ dosages), API storage and accurate
dosing might be challenging or unattainable [3]Ju@ may deteriorate where they are
administered. (for example, low pH in the stomachpjd they may cause local
inconveniences or damage when the drug concemragiosery high at the location of
administration, making prescribed medication Engpthe bodily cavities (vaginal, rectal) is
impossible and impractical [3]. Some APIs can bieniedm less exposure to external
elements (light, humidity, temperatures, and pHi)they need to be chemically modified
because they are environment sensitive. due tmthesic uncertainty increases, stabilised.
Patients are less likely to comply with APIs beeatiey often have undesirable organoleptic
(taste, odour, and adherence) [2].

Dosage form = Active Pharmaceutical ingredient (API) + Excipient/ Additives

Excipient
- > .0
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Figure 1: Dosage form composition
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1. THE PERMEABILITY OF DRUG DELIVERY SYSTEMSAND PACKAGING

Drug research and development are becoming mageested in cell-free permeation
systems as instruments to achieve a trustworthgligiten of passive intestinal absorption
without the drawbacks connected with cell- or tessbased permeability profiling. Cell-free
permeation systems are divided into two categdo@sed on the nature of the barrier,
including | biomimetic barriers made of (phosphipids and (ii) non-biomimetic barriers
made of dialysis membranes. In this review, theéousrcell-free permeation methods—such
as Parallel Artificial Membrane Permeability AsS®AMPA), Phospholipid Vesicle-based
Permeation Assay (PVPA), Pereopod®, and artifici@mbrane-based systems (such as the
artificial membrane insert system (AMI-system))—anmealysed in terms of the nature of
their barriers and their ability to predict results comparison to well-studied intestinal
permeation methods. Given the possible integrigg Ibigher resilience of cell-free barriers
makes them appropriate for the combined dissollgenmeation assessment of formulations
when compared to cell-based permeation barriethenpresence of food components or
medicinal excipients. Cell-free permeation systeams often used to study intestinal
absorption, but by changing the membrane's composithey may also be used to assess
non-oral medication delivery.

Class| Classl|

greater solubility increased permeation| minimal solubility increased
permeation

Classll| Class 1V

greater solubility minimal permeation | minimal solubility minima
permeation

Solubility: Volume of water required to dissolve the highesalstrength across the
physiological pH Range

Figure: 2 Biophar maceutics Classification System

IV.EXCIPIENTS
Table 1: Common excipientsused in tablets[4-7]

Excipient Function Examples
Diluents supplying in bulk andLactose, dextrin, glucose, sucrose, and
enabling precise dosage |aorbitol are examples of sugar compounds.
powerful substances Silicates, calcium and magnesium salts,
potassium or sodium chloride, and
other inorganic materials
Binders, Combine the materials fopmostly composed of manufactured | or

compression aidsthe tablet to give it shapenatural polymers, including sugars,
granulating agents| and mechanical strength| starches, sugar alcohols, and derivatives
of cellulose

1)
5.

Disintegrants Help the tablet's actjveubstances that expand or dissolv
component to be releaspdiater, such as crospovidong
and increase the surfacalginates, and derivatives |of
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area for disintegration incellulose
the digestive system.
Glidants By lowering friction ang Silicon and other silicaompounds il
adhesion betwe¢ colloidal form

particles, improve the flo
of powders during table
production. utilized as
anti-caking agents as well
Lubricants They may, howevel Sea salts and stearic acid (e.qg.,
impede disintegration ar magnesium stearate)
dissolution in a mann
like glidants. Even thoug
some substances, sU
starch and talc, have bd
effects, the characteristics
of glidants and lubrican
are different.

Tablet coatinggand Protect the pill from th| film coating made of natural |
films elements (air, light, ar manmade polymers has now supplal
moisture), boost  th sugar (sucrose). Enteric coatings em|
mechanical strength, coy insoluble in acid polymers, like celbse
the flavour and odou acetate phthalate, to postpone the rel
make swallowing easig of the active substance.

and help custome
idertify the product. ca
be used to alter how tl
active substance
released. flavoring ar
colorings possible
Colouring agents | Enhance patien mostly manufacturedolours and natur;
acceptance, facilita] pigments. It is also possible to employ
identification, and sto| substances that are natural food pigm
counterfeiting. Boost th themselves.

stability of medication
that are light-sensitive.

V. DIFFERENT ROUTES OF DRUG ADMINISTRATION

Depending on the target location, length of theragynd physicochemical
characteristics of the medication, different dostgms can be delivered by different routes
[9]. Tablets, capsules, pills, ointments, syrups] &jections make up the bulk of dosage
forms. Table 1 and Figure 3 list several medicatietivery methods. The body part being
treated, the medication's action inside the bodygl e solubility and permeability of the
drug are the three key elements that determinebds¢ route of drug administration. For
instance, the oral delivery of some medicationshinitause stomach acids to break them
down, resulting in low bioavailability. As a resulhey must be administered intravenously.
100% bioavailability is achieved when medicinesadministered intravenously [9].
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Drops (solutions, emulsions,
suspensions), ointments,
contact lens, implants, inserts
and intravitreal

-Dry powders
-Liquid Sprays
-Aerosol

-Topical
~Intracochlear

Solid dosage forms
-Tablets
-Capsules
-Granules

Liquid dosage forms
-Syrup

-Solution

-Tincture
-Suspension
-Emulsion

-Lotion

-Sub-lingual tablets
-Buccal Tablets
-Effervescent tablets
<Thin films
-Medicated gums

-Intratympanic

Intramuscular Sub-cutaneous
Intra-venous

> Intra-dermal

~Elixir
-Draughts
-Enemas
-Gargles

-injectables
-IV Bolus
-Eye drops

-Lozenges /J// Epidermis
Liquid dosage forms
Solution
Suspensions
Emulsions

Subcutaneous fat

Muscle o SN — e =]

-Semi-solid dosage
forms (Ointments,
Creams, Lotions,
Gels and Liniments)
-Sprays
-Transdermal
patches

-Suppositories
-Pessaries

-Tablets

-Enema

-Creams and gels
-Foams and sponges

Figure 2: Variousroutes of drug administration.

1. Solid dosage forms:. (Solid dosage forms are further divided into the twain categorie
of single dose and bulk dosage based on the tydes#.

Copyright © 2022 Authors

Unit dose: Every dosage is predetermined and prepared astiactlidosage formr
and the patient must take one unit at a time. @hearescribed dose. Table
capsules, pills, lozenges, chewable effervescdmétss and powder form inhalatis
in metered-dose caainers are a few examples of unit pharmaceuticaiddations.

Bulk dose: As the name implies, this is a solid powder in bulkt individually
dosed, (Figure 3). With bulk powders, dose dumps@ significant issue. Bul
powders, on the other hande typically used as dressing powder for surgical
wound wounds. Insufflation powder, dressing powedér, are a few instances of b
dosage forms [10].

Tablets. Compress and granulating are used to generatetdabidich can b
produced in a varietgf forms (round, oval or square shape). BinderBingeagents

and lubricants are commonly added as active ingneglito enhance tablettir
Excipients are added to pills to facilitate themgle digestion. The tablet's coating
colours, sweetenerand flavourings makes the pill smoother and semfd swallow
while also helping to hide the taste of the ottmmponents. Additionally extendir
shelf life and providing environmental protectidgablet coating [10,1: Tablets that
are placed under ¢htongue or between the mouth and cheek, respbgtare knowr
as buccal tablets and are solid unit dose formblifgjual/buccal delivery methot
have several benefits, including: The oral mucowsnitranes allow for quick drt
dissolution and absorpti into the bloodstream. By doing this, the liver'sig-

metabolizing enzymes and the acid and enzymatieundf the stomach are avoid
[11,12]. Effervescent tablets are made to release carboxiddiovhen theymeet
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water and dissolve quickly afterward. These unaba#blets contain carbonates or
bicarbonates that quickly react in water to relezbdon dioxide and acids (citric or
tartaric acid).

» Capsules, lozenges, pills and granules: A capsule is a dose form that is solid. that
contains the medication ingredients inside of auldel shell. The flavour of the
medication's ingredients is covered up by the dapswand the medicine seldom
interacts with the active ingredients. There are tategories for capsules: Soft-
shelled capsules are mostly utilised when hydroghatedicines and oily active
ingredients that are suspended or dissolved inHaitd-shelled capsules are used to
encapsulate dry, powdered components. Lozengdseas/csolid unit dose form that
include the medication filled with caramel -flavdréoundation comprised of sugar
and gums. The gum gives the lozenge cohesion agrgsh while also allowing for a
delayed release of the medication. Common appbicatof chewable tablets include
the localised gradual release of demulcents, medits and cough medicines in the
mouth/pharynx. Using polymers and other additivesdampress API into rounded
masses for oral delivery, pills are solid unit dpsdorms. Crystals are solid, dry
aggregates that come in single-dose sachets antlecawallowed whole or before
being dissolved in water use (Figure 3). When ohieed to water, effervescent
granules produce carbon dioxide in a manner likenedscent pills.[10].

Figure 3: Solid unit dosage forms: (a) Tablets, (b) Efeswent tablets, (c) Chewable
tablets, (d) Pills, (e) Hard-gelatine capsulesS@jt-gelatine capsules, (g) Lozenges. (h).
Granules.

2. Bulk solid dosage forms. Large powder are transdermal patches compositicade up
of free, dry, solid particles with varying degred<gineness. With or without excipients,
one or more active substances are present, andcdseary, coloration and flavored
agents are added. This is prepared for interiogxderior administration and stored in
widemouthed, airtight bulk glass or plastic contasn There are two categories of
internal usage bulk powders. Since each dose isumeg differently by the patient, bulk
powders are frequently constrained by erroneouag#sAs a result, they are frequently
made using non-potent medications including eneraagcids, purgatives, etc. The
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powder is then commonly dissolved into water befamesumption. Single-dose powders
are divided powders. (such as a little sachet)liage a more precise dosing control than
bulk powder [10].

3. Semisolid dosage forms: To utilise to skin or mucous membranes (in the hasainal,

or rectal cavities) for medicinal, preventative, amsthetic purposes, tablet and capsule
forms are of a semisolid consistency. Ointmentgams, gel/jelly, lotions, pastes,
suppositories, and transdermal patches are exarapkamisolid dose forms (Figure 4)
[13]. By applying semisolid dosage forms locallydagexternally to the target site, the
likelihood of adverse effects is decreased. Itracpcal for individuals who are asleep or
who have trouble receiving medication orally. Itnre stable than liquid dose forms
and an appropriate dosage form for bitter medioatid'.

Lotion

Gels Suppositories Transdermal patch

Figure4: Semisolid dosage forms

* Ointments: To apply to skin or mucous membranes (in the nasajinal, or rectal
cavities) for medicinal, preventative, or aesthgticposes, semisolid dosage forms
are of a semisolid consistency. Ointments, creage/jelly, lotions, pastes,
suppositories, and transdermal patches are exampesnisolid dose forms (Figure
4 and Table 2) [13]. By applying semisolid dosagenfs locally and externally to the
target site, the likelihood of adverse effectsasréased. It is practical for individuals
who are asleep or who have trouble receiving médicarally. It is more stable than
liquid dose forms and an appropriate dosage fombifter medications [14].

 Creams : Skincare products are semisolid dosage forms thatrelatively soft,

simple to spread, and frequently include more tP@percentage water and volatile
chemicals and less than 50% hydrocarbons (waxegobyols) as the drug's

foundation. Oil-in-water (O/W) and water-in-oil (@) cream bases are two different
types of emulsifications that are utilized as thenidation for cream products. Small
oil globules spread in a continuous aqueous phaddised by surfactants make up
oil-in-water (O/W) creams [15]. Because they arssl®ily and may be easily
removed with water, petroleum creams are more ats#ly pleasant. Small droplets
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of water are spread across a continuous oily piraseater-in-oil (W/O) creams.
Hydrophobic medications are easily integrated Wi® creams and provide greater
moisture than O/W creams barriers to stop moistoss from the cytoplasm, the
skin's outermost layer.[14]

* Liquids (Gels) and lotions: Gels are semisolid systems in which the liquidsehis
contained in 3-dimensional polymer matrices withhigh level of physical or
chemical cross-linking (made from natural or sysibed gums) [16]. They are
utilised in lubrication products, cosmetics, meagiand even as a delivery system
for spermicides injected into the vagina [14]. Aguaous fluid preparation for
friction-free external usage is a lotion. To lesssaporation, they are immediately
applied to the skin or poured onto an appropriatssing before being covered by a
waterproof dressing [14].

* Pastes: In essence, a paste is an ointment that has hagndicent number of
insoluble materials added. The system stiffens wthere is a lot of particle debris
present. Paste has less penetration, less maceratio less heat than ointment. They
create a strong perimeter of protection when agglethe skin [15]. Before certain
toxic chemicals reach the skin, the solids theytaioncan absorb and, as a result,
neutralise them. The paste, like the ointment,tesza seamless coating that is largely
water-impermeable [16]. The film may be used a®ffective sunscreen since it is
opaque, unlike the ointment. The paste is less lodgause the fluid hydrocarbon
percentage is absorbed by the particle [14].

 Transdermal patches. An adhesive medicinal patch used to apply a pdaticu
amount of medication to the skin to enter the béb@m is known as a transdermal
patch or skin patch. Transdermal patches are dyhmvised therapy choice for
people who are unable to take oral dose formsardrugs that have unbearable side
effects [17]. However, this cannot be used to mansgvere pain or in clinical
settings when a quick medication titration is neeeg The transdermal patch is
composed of two layers a backing film and a metbhoaenclosed in a film or
adhesive on the second layer. The membrane, whki@hthin film, regulates how
quickly the medicine diffuses from the patch to #ken. The patch's sticky coating
aids in its adhesion to the skin [18]. The film-wmwhtape is immediately included into
the patch design as a useful layer or outer linBejore placing the patch to the skin,
the release liner is removed to protect the stgiklg of the patch that will come into
touch with the skin. [19]. Based on the method mifgdioading, transdermal patches
are divided into four categories: matrix, reseryvamultilaminate, and drug-in-
adhesive. The first type is a single-layer/mul@aydrug-in-adhesive transdermal
patch, in which the medication is directly incorgi@d into the adhesive; the second
type has a separate drug-containing layer thataaght of as a drug reservoir; the
third type, known as matrix transdermal patcheseha drug layer made up of a
semisolid matrix that contains a medication solutey suspension; and the fourth
type is multilaminate with various drug layers (lig 4). To be formulated as a
transdermal patch, the drug's molecular weight rbestess than 500 Daltons. The
medication has to have enough lipophilicity to Bapenetrate the skin. The length
affects the drug's dose.
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Suppositories: A tiny, round or cone-shaped semisolid dosage faatied an
suppository is put into a bodily orifice (such he vaginal cavity), where it dissolves
or melts to release the medication and have eislgstemic or local therapeutic
effects.Natural fat (cocoa butter) or polyethylagigcol (Carbowax) and glycerol
serve as the major excipients in suppositories. fEHzeum is highly vascularized;
thus, they function quickly and avoid the liverstipass metabolic [14,22]. They are
only meant to be injected in the anus.

Liquid dosage forms: A suitable solvent or solvents are used to dissotvéisperse
the API and excipients in liquid dosage forms, Wwhare pourable pharmaceutical
formulations. These are meant to provide an imnmediberapeutic response in
patients who have difficulty ingesting solid dosenfis. There are two types of liquid
dosage forms: dry powders that need to be recatesfitand ready-to-use liquids.
These can be delivered parenterally (injectablejancnasal, optic, and topical) or
orally (syrups, suspensions, etc.). While parehiegraid dosage forms are available
in both sterile and non-sterile formulations, oliguids are typically non-sterile
(Figure 5). Based on the number of phases prebguif dosage forms are divided
into two categories: monophasic (solutions) andh&gic (suspensions and emulsions)
[23].

Monophasic liquid dosage
form

e
e
W
..‘
.
-

-,
0..‘

Syrup s+ Gargle !
m‘e 3+ Mouthwash
_LIF“_:m-S-eS #+ Nasal drops
Elixirs <+ Lotions
Parenmal %+ Eardropsetc.
preparation

Figure5: Liquid Dosage Forms

4. Advantages and disadvantages of solutions as dosage forms

Advantages. Medication may be designed for any route of adrmai®n and is
immediately ready for absorption. No need to shhkecontainer makes swallowing
easier in challenging situations.

Disadvantages. Drug stability is frequently decreased in solutiomaking it
challenging to disguise disagreeable flavours aa#ling the containers more likely
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to shatter. Technical precision is required to gfardosage while administering
medications, therefore a measurement instrumentisred [24].

Non-Sterile Liquid

Dosage Forms

T —

1. Syrup n Sterile liquid Dosage
2. Solution o Forms

3. Tincture I 'i,l 1. Injectable

4. Suspension -L: 2. Intra muscular
5. Emulsion - 8 3. Sub-cutaneous
6. Lotion - 3‘9 4. Intra dermal
7. Elixir ’ 5. Intra articular
8. Enemas 6. Eye drops

9. Gargles

Figure6: Sterileand non-sterileliquid dosage forms

5. Oral liquid pharmaceutical dosage forms : Oral fluids are homogeneous liquid
preparations, often a suspension of one or moreeagtibstances in a suitable liquid basis
or a solution, emulsion, or combination of thosenponents. Either directly or after
dilution, they are prepared for oral delivery. Thaight comprise additional ingredients
including appropriate dispersing, solubilizing, ted, emulsifying, stabilising,
suspending, and thickening agents as well as atéibal chemicals for preservation.
They could also include the appropriate sweeteflesgurings, and colourings. [25]

Syrup: A second active substance is present in solutidhe syrup, a poisonous oral
liquid. To prevent crystallisation or alter solubdtion, taste, and other base qualities,
sorbitol may be added to this base, which oftentaina substantial amounts of
sucrose or other sugars. Other sweeteners, suslcablarin, and thickening agents
may be present in sugarless syrup. Ethanol 95 peroay be used in syrup as a
preservative or as a flavouring solvent. In orderpteserve the microbiological
quality of the preparation, antimicrobial agentsyrna added to syrups.

Oral suspension: An oral liquid that has an additional active comg@aincontained in

a suitable base is known as an oral suspensiopeBded solods can segregate for a
while when kept, but they are quickly re-distritlitghen shaken. When creating oral
suspensions with suspended particles, it is impbttamake sure that particle size is
under control for the preparation's intended pugpos

Solution: An oral liquid called an oral solution is one thets one or more active
components that have been dissolved in an apptefdrése measurement tool, such a
dropper.
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» Drop: With the use of an appropriate measurement toah s1$ a drpper, an oral
drop is a liquid that has been prepared to be tedaa small quantitie

* Emulsion: An oral emulsion is a liquid that is taken orallydacontains an addition
active component that is unstable in water. Stadailioi-in-water dispersics may
also contain dissolved particles in any or bothsglseof the preparation. Although f
two preparatory phases can readily be combinedhbkisg, they can also separe
When properly shaken, the product is completelplstdo deliver a homogenol
dosage.

e Mixture: An oral liquid made up of one or more active subsés that have bet
suspended or dispersed in a suitable base makige wombination. While kept for
while, suspended solids may separate, shaking ntakesreadily r-suspended.

* Linctus: Linctus is a vicious oral liquid with one or moretise substances mixed
a base that is acceptable and often has a greateermtration of sugar. Genera
speaking, linctus are created to cure a coughtleas® are taken with out inclusiof
water.

» Elixir: This is a transparent, flavoured oral beverage \aithigh concentration «
sucrose that may also contain ethanol (95%) omelhhat has been diluted [26].
comprises one or more active substances that hemredissolved in suitable base.

VI. DRUG DELIVERY SYSTEMS

1. Pharmacokinetics: What the body "does to the medion" is whatit is. Absorption,
distribution, metabolism, and elimination are altluded Drug Absorptiol shown in
figure .7

Parenteral IV,
IM, SC

.Transdermal Patch .,_,,.,. —

Figure 7: Drug Absor ption
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Drug absorption is the process by which an unalteirelg moves from of the site
delivery to the systemic circulation. It is theriséer of a medication into the bloodstre
from the place of administration. The way that drugye absorbed depends ceveral
different things.

. -\ -~ L’
Reduced damage to
host cell inflammatory Generation of oxidant
§\— =
_zwxr ‘
— \a=
o Sa e - — ﬁb
== o & \\, & Immunomodulation

A\

Direct Antimicrobial

Antibody —
dependent
cell
cytotoxicity

Figure8: Factorsinfluencing drug absor ption

It containsphysiological characteristics of the medicationghsas how f-soluble
form is better absorbed than water soluble formugDadministration methods, such
intravenous, allow drugs to reach the bloodstreamectly. Food, such as milk and mi
derivatives, reduces absorption. The absorptioaralf iron is increased by the presence
other medications, such as ascorbic acid. Drugrphea is decreased byastrointestinal and
other illnesses, such as gastroente

2. Drug Distribution: The reversible transport of a medicine from theuwation to the
body's extravascular fluids and tissues is refetweb drug distribution (for example, f
muscle,and brain tissue). Drugs are absorbed and then thetdloodstream. Drugs mt
first pass the capillaries barrier to reach therstitial space from the serum bef
continuing through the cell membrane to reachitracellular fluids
* Drug Metabolism: Metabolism, sometimes referred to as biotransfaonats the

chemical modification of a drug in a live body. Qronetabolism mostly occurs in t
liver, although it can also occur in the GI trakigney, lungs, blood, skin, ar
placenta.

 Drug Excretion: Drug excretion is the process through which a dangl its
metabolites are eliminated from the body. The kydisethe primary organ via whic
medications are excreted; other organs includduhgs, bile, faeces, perspiratic
saliva, etc. [27]
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pH

Enzyme
JON
mathe

\'d avnol og'\ca\ nfor

Redox

Glucose

(Inwis snousBopug

ulus-sensitive drug release

Temperature

Magnetic

Acoustic

(Inwis snouaBoxy

Light

c lllustration for Stimuli-Responsive DDSs.

as Carriersused for Novel Drug Delivery System

Sr.No.| Typeof microsphere

Application

1. | Bio adhesivg
microspheres

» medication distribution through the buccal, oralular,
nasal, and colon Gl - Glipizide, Nasal - Gentamieind
Insulin Insulin in the colon and methyl prednisaoim
the eyes

2. | Magnetic
microspheres

used it for directing medications to tumour areas,

protein purification, cell isolation, and DNA analy
(Doxorubicin)

3. | Floating microsphere

Carriers for drugs like antiviral, antifungal andtiaiotic

agents (so called absorption windows), non-stefgida

anti-inflammatory drugs, Prednisolone, Lansoprazole

4. | Radioactive
microspheres

in order to diagnose - Diagnostic radioembolization
using human serum albumin macroaggregated to 99mTc

(MAA) 99mTc-sulfur colloid for thrombus imaging i

n

deep vein thrombosis 90Y microspheres are used for

radioembolization of liver and spleen tumours,
212PDb-sulfur colloids are used for local radiotipgra

and

5. | Polymeric
microspheres

delivery of vaccines for hepatitis, influenza, pesdis,

and diphtheria Easy-to-degrade medication

administration via oral route: Using DNA plasmids
gene therapy, insulin and LHRH delivery medicat
distribution under control following local applicat:
release of hormones, peptides, and proteins ol@ncl

period of time

f
on
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Table 3: Possible advantages and disadvantages of biomaterials and extracellular
vesiclesasadrug delivery system.

Funding
Biomaterials Extracellular vesicles
Advantage Advantage

« Control and targeted drug release. |« Bioavailability and biocompatibility.

» Scalable, cost effective. « Batter BBB permeability.

» Customized modification for » Carry biomolecules DNA, RNA,
personalized medicine. proteins, and small molecules.

* Drug delivery to the intended * Natural, safe and efficient in delivering
administration route. their cargo.

» Temperature responsive. * Can be used for targeted drug delivery.

» Delivery with or without modification.
Disadvantage Disadvantage

» Strategies evolving for drug delivery |« Lack of controlled release mechanism
across BBB » Interaction of drug with components.

» Studies indicated the degree of * Mechanism of drugs of drugs to the
toxicity. (Cytotoxicity, inflammation, target and immune clearances is
immunotoxicity). understudied.
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