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f Abstract \

Nasal route for the administration of drugs is use@n alternative route for the systemic availstiif
drugs restricted to intravenous administrationramésal Therapy has been an accepted form [f

treatment in the Ayurvedic system of Indian Medéciithe absorption of drug at the olfactory regibn
the nose provides a potential for a pharmaceutioatpound to be available to the central nervo
system. In this review we discuss the Advantagésad¥antages, LimitatiotMechanismof nasaldrug
absorption biological, physicochemical and pharmaceuti€attors Affecting nasal absorption, Bio-
availability Barriers, and Strategies to improvesalaabsorption, New Developments in Nasal Dosa
Form design, Evaluation of Nasal Formulations apgl&ations of nasal drug delivery system.
&Key words: Nasal route, Intranasal drug delivery, Hepatistfirass metabolism

Introduction

Nasal Drug delivery system is used to disperse ditegtly central nervous system, through olfactegion. Drug

particle are placed inside drug delivery devicee €fficiency of the drug delivered to olfactory i@mglocated in the
Nasal Cavity depends on the size, location of tagigle (Pouch) inside device and time of rele&edy was

carried to trace the particle trajectory for diéfet size particle and concentration of the drudiglarin various

regions, within the Nasal cavity to evaluate théeafveness of the device. Based on the data dedec
effectiveness of the device can be calculated ififlerént volumes of drug storage (Pouch) with maetiof various

sizes and design changes are suggested to impifinierey .

It is a useful drug delivery method for drugs thed active in low doses and show less oral bioabdgity such as
proteins and peptides. One of the reasons foravedegree of absorption of peptides and proteiastive nasal
route is rapid movement away from the absorptide 81 the nasal cavity due to the mucociliary ceae
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mechanism. The nasal mucosa has been considered as a pothtiistration route to achieve faster and hig
level of drug absorption. This is due to the lasgeface area, porous endothelial membrane, higth iood flow,
the avoidance of firgpass metabolism, and ready accessibility. The nadaiinistration of drugs, includir
numerous compounds, peptide and protein drugssystemic medication has been widely investigateceaent
years. In the recent pastany researchers have also attempted delivery wjsdto the CNS through the no
However, the major limitation with nasal route adisiration is the poor contact of the formulatiarith the nasa
mucosaln recent years many drugs have been showichieve better systemic bioavailability through nasate
than by oral administration. Nasal therapy has beeognlzed form of treatment in the Ayurvedic syss of Indiar
medicine, it is also called “NASAYA KARM.®and intranasal drug delivery-whichas been practiced fi
thousands of years, has been given a new leagfe.dt is a useful delivery method for drugs tha¢ active in low
doses and show no minimal oral bioavailability sastproteins and peptic>.

Nose brain pathway ™’

The olfacbry mucosa (smelling area in nose) is in directaoinwith the brain and CSF.Medications absorbedss
the olfactory mucosa directlyenter the brain. Tdniea is termed the nose brain pathway and offeapid, direct
route for drug delivery to the braiifhe olfactory neural pathway provides both intraneal and extraneuron
pathways into the brain. The intraneuronal pathimgglves axonal transport and requires hours tes daydrugs tc
reach different brain regions. The extraneuron#hway prdably relies on bulk flow transport through perirad
channels, which deliver drug directly to the brpamenchymal tissue, to the cerebrospinal fluid (C8Fto botr
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Selection of compounds for transmucosal nasal drugelivery®=®

Compound

Class

Indication

Investigation/product development/
product and country (example)

Apomorphine

dopamine agonist

Parkinson’s disease
(on- off symptoms)

product developmefit”

centralis, enuresis
nocturna

Buserelin peptide prostate cancer Profact, Gerfffany
Butorphanol opioid migraine Stadol, USA (11)
Calcitonin protein osteoporosis Karil, Germany (12)
Cobalamin vitamin substitution of Nascobal, USA (13)
(vitamin B12) vitamin B12

Desmopressin protein diabetes insipidus Minirin, Germany (14)

Diazepam benzodiazepine sedation, anxiolysis, product development (15)
status epilepticus
Estradiol steroid substitution of Aerodiol, UK (16,17)
estradiol
Fentanyl opiate analgesia, Instanyl, Germany (18)
postoperative pain
and agitation in
children
Gonadorelin hormone undescended Kryptocur, Germany (19)
testicle
Human growth | peptide growth hormone Investigation (20)
hormone deficiency
Influenza vaccine flu prevention Flu Mist, USA (21)
vaccine, live
attentuated
Insulin peptide diabetes mellitus Investigation)(22
Ketamine NMDA antagonist analgesia product develapmEreska (23)
L- Dopa nonproteinogenic| Parkinson’s disease Investigation (24)
amino acid
Melatonin hormone jet lag Investigation (25)
Metoclopramide| D2 receptor antiemesis Pramidin, Italy (26,27)
antagonist
Midazolam benzodiazepine sedation, anxiolysis, Investigation (28,29)
status epilepticus
Morphine opiate analgesia product development:
Rylomine (30)
Nafarelin hormone central precocious Synarel, USA (31)
puberty, endometriosis
Nicotine addictive smoking cessation NicotroINS, USA (32)
substance
Oxytocin hormone lactation; treatment Syntocinon spray,
of social, cognitive Switzerland (33)
and mood disorders
Progesterone hormone infertility, Investigation (17)
amenorrhea
Sildenafil PDE inhibitor erectile dysfunction Invigmtion (34)
Sumatriptan triptan migraines Imigran nasal spray,
Switzerland (35)
Testosterone hormone substitution of testosteronenvestigation (36)
Zolmitriptan triptan migraines Zomig, Switzerlari7(38)
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Advantages of Nasal Drug Delivery Systeffi*?

1) Drug degradation that is observed in the gastiestinal tract is absent.

2) Hepatic first — pass metabolism is absent.

3) Rapid drug absorption and quick onset of actim be achieved.

4) The bioavailability of larger drug molecules damimproved by meansof absorption enhancer or afngroach.
5) The nasal bioavailability for smaller drug mal&ss is good.

6) Drugs that are orally not absorbed can be deiV¢o the systemic circulationby nasal drug dejive

7) Studies so far carried out indicate that theahesute is an alternateto parenteral route, eafigcfor protein and
peptide drugs.

8) Convenient for the patients, especially for tham long term therapy, when compared with parahter
medication.

9) Easy and convenient

10) The nose is a very easy access point for mialicdelivery

11) No special training is required

12) Painless

13) Lower doses

14) Quicker onset of action

15) Fewer side effects

16) Increased patient compliance

17) Avoidance of hepatic first pass metabolism,wgall metabolism &biodestruction in GIT

18) Macromolecules like proteins and peptides @administered

19) Rate and extent of absorption and plasma démdime profiles have corresponding and comparahlees to
that obtained by IV route.

Disadvantage&’

1) Rapid mucociliary clearance.

2) Chances of immunologic reactions

3) Availability of Inadequate toxicity data for petnation enhancement
4) Nasal pathology may adversely affect the prodtfectiveness
Limitation *3**

1) The histological toxicity of absorption enharscased in nasal drug delivery system is not yetrbleestablished.
2) Relatively inconvenient to patients when comgdreoral delivery systems since there is a pagsilof nasal
irritation.

3) Nasal cavity provides smaller absorption surfa@a when compared to GIT.

Mechanism of Nasal Absorptior>*?

Passage of drug through the mucus is the first istepe absorptionfrom the nasal cavity. Unchargedwell as
small particles easilypass through mucus. Howesleairged as well as large particlesmay find it ndificult to
cross. Several mechanisms have been proposed bufotlowing two mechanisms have been considered
predominantly.

1. First mechanism:

It involves an aqueous route of transport, whichls® known as the paracellular route but slow pembive. There
is an inverse log-log correlation between intrahaesorption and the molecular weight of water-bt@ucom-
pounds. The molecular weight greater than 1000oRalhaving drugs shows poor bioavailability.

2. Second mechanism:

It involves transport through a lipoidal route anhi$ also known as the transcellular process tesponsible for the
transport of lipophilic drugs that show a rate defency on their lipophilicity. Drug also cross celembranes by
an active transport route via carrier-mediated rmeartransport through the opening of tight junasio

Factors Influencing Nasal Drug Absorption

There are various factors that affect the systesmavailability of drugs that are administered thgb the nasal
route. The factors can be affecting to the physadbal properties of the drugs, the anatomical aimgsiological
properties of the nasal cavity and the type andatteristics of selected nasal drugs delivery syste
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Physiochemical properties of drug

Lipophilic-hydrophilic balance, Chemical Form, Paigrphism, Enzymatic degradation in nasal cavity|ddolar
size, Solubility & Dissolution rate

Delivery Effect: Formulation (Concentration, pH, osmolarity),Drudistribution and deposition, Viscosity

Nasal Effect Mucociliary clearance, cold, rhinitis, membrarempeability, environmental pH

1. Physiochemical properties of drug

Lipophilic-hydrophilic balance

The HLB nature of the drugs affects the absorpfioocess. By increasing lipophilicity, the permeatiof the
compound normally increases through nasal mucodthodgh the nasal mucosa was found to have some
hydrophilic character, it appears that these mueasa primarily lipophilic in nature and the lipidmain plays an
important role in the barrier function of these nhbeames. Lipophilic drugs like naloxone, buprenonghi
testosterone and 17a-ethinyl- oestradiol are alcmsipletely absorbed when administered intranasaef®

Chemical Form

The chemical form of a drug can be important iredmtning absorption. For example, conversion ofdheg into a
salt or ester form can alter its absorption. stidiee effect of structural modification of drug absorption. It was
observed that in-situ nasal absorption of carbexgtiid esters of L-Tyrosine was significantly gezahan that of
L-Tyrosine®?

Polymorphism

Polymorphism is known to affect the dissolutioneraind solubility of drugs and thus their absorptibrough
biological membranes. It is therefore advisablestiody the polymorphic stability and purity of drufyg nasal
powders and/or suspensichs

Enzymatic degradation in nasal cavity

Drugs like peptides and proteins are having lowavailability across the nasal cavity, so thesegdrmay have
possibility to undergo enzymatic degradation ofdheg molecule in the lumen of the nasal cavitgaring passage
through the epithelial barrier. These both sites lsaving exo-peptidases and endo-peptidases, @talpses are
mono-aminopeptidases and di-aminopeptidases. Taesdaving capability to cleave peptides at theiad C

termini and endo-peptidases such as serine andigstvhich can attack internal peptide botids.

Molecular size

The molecular size of the drug influence absorptibthe drug through the nasal routde lipophilic drugs have
direct relationship between the MW and drug perioaatvhereas water soluble compounds depict an $ever
relationship. The rate of permeation is highly séresto molecular size for compounds with MM¥800 Daltong®¥

Solubility & Dissolution Rate

Drug solubility and dissolution rates are importdattors in determining nasal absorption from powdand
suspensions. The particles deposited in the nasélymeed to be dissolved prior to absorptiora &rug remains as
particles or is cleared, no absorption takes place.

1. Delivery effect factors

Factors that affect the delivery of drug acrossahasucosa such as surfactants, dose pH, osmolaiggosity,
particle size and nasal clearance, drug structamebe used to advantage to improve absorption.

Formulation (Osmolarity, pH, Concentration)

Osmolarity

The osmolarity of the dosage form affects the nababrption of the drug; it was studied in the ttsising model
drug. The sodium chloride concentration of the folation affects the nasal absorption. The maximisogption
was achieved by 0.462 M sodium chloride concemnatthe higher concentration not only causes irs@éa
bioavailability but also leads to the toxicity teetnasal epitheliuri

pH

The pH of the formulation and nasal surface, cécah drug’s permeation. To avoid nasal irritatithe pH of the
nasal formulation should be adjusted to 4.5-6.2bse lysozyme is found in nasal secretions, wtiaglesponsible
for destroying certain bacteria at acidic pH. Und#dline conditions, lysozyme is inactivated ahd tissue is
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susceptible to microbial infection. In additionawoiding irritation, it results in obtaining effat drug permeation
and prevents the growth of bactefia.

Concentration

Concentration gradient plays very important roldha absorption / permeation process of drug thiahg nasal
membrane due to nasal mucosal damage. Examplethifomare nasal absorption of L-Tyrosine was shown t
increase with drug concentration in nasal perfusigperiments. Another is absorption of salicyliddagas found to
decline with concentration. This decline is likelye to nasal mucosa damage by the permahent.

Drugs distribution and deposition

The drug distribution in the nasal cavity is onetb& important factors, which affect the efficienof nasal
absorption. The mode of drug administration codfdat the distribution of drug in nasal cavity, whiin turn will
determine the absorption efficiency of a drug. Bbsorption and bioavailability of the nasal dosfigens mainly
depends on the site of disposition. The anteriotiquo of the nose provides a prolonged nasal resialetime for
disposition of formulation, it enhances the absorpof the drug. And the posterior chamber of nasaity will use

for the deposition of dosage form,; it is eliminatey the mucociliary clearance process and hencevshow
bioavailability ®®The site of disposition and distribution of the ags forms are mainly depends on delivery
device, mode of administration, physicochemicapprties of drug molecule.

Viscosity

A higher viscosity of the formulation increases tamt time between the drug and the nasal mucosakthe
increasing the time for permeation. At the sameetithighly viscous formulations interfere with thermal
functions like ciliary beating or mucociliary cleaice and thus alter the permeability of drifgs.

1. Nasal effect factors

Mucociliary clearance

Particles entrapped in the mucus layer are trategawith it thus, effectively cleared from the nasavity. The
combined action of mucus layer and cilia is calledcociliary clearance. This is an important, nonspecific
physiological defence mechanism of the respirataagt to protect the body against noxious inhaledenials®®"
The normal mucociliary transit time in humans hasrbreported to be 12 to 15 minuf®The factors that affect
mucocilliary clearance include physiological fastgage, sex, posture, sl&&xercise®common environmental
pollutants (sulphur dioxide and sulphuric acidregen dioxide, ozone, hairspray and tobacco sffidkaiseases
(immotile cilia syndrome, primary ciliary dyskinasi Kartagener.s syndrome, asthma, bronchiectabignic
bronchitis, cystic fibrosis, acute respiratory triafectiod®” and drug$® and additive$®.

Cold, rhinitis

Rhinitis is a most frequently associated commomratis, it influence the bioavailability of the drdigis mainly
classified into allergic rhinitis and common, therptoms are hyper secretion, itching and sneeziaiglyncaused
by the viruses, bacteria or irritants. Allergicnitis is the allergic airway disease, which affet®86 of population.
It is caused by chronic or acute inflammation o thucous membrane of the nose. These conditiomstétfie
absorption of drug through the mucus membrane fieiinflammatiorr?

Membrane permeability

Nasal membrane permeability is the most importacitolr, which affect the absorption of the drug tiylo the nasal
route. The water soluble drugs and particularlgéamolecular weight drugs like peptides and presteire having
the low membrane permeability. So the compounds fikptides and proteins are main-ly absorbed tlhrahg
endocytotic transport process in low amoutfiswater-soluble high molecular weight drugs crosrtasal mucosa
mainly by passive diffusion through the aqueou®pdr.e. tight junctions).

Environmental pH

The environmental pH plays an important role in #fficiency of nasal drug absorption. Small wateluble
compounds such as benzoic acid, salicylic acid,akaloid acid show that their nasal absorptionainoccurred to
the greatest extent at those pH values where tt@mspounds are in the nonionised form. However,Hatvplues
where these compounds are partially ionized, sobataabsorption was found. This means that theiorosed
lipophilic form crosses the nasal epithelial barsi@ transcellular route, whereas the more lipbpldnized form
passes through the aqueous paracellular fBute
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Barriers to Nasal Absorption

Low bioavailability

Bioavailability of polar drugs is generally low; @t 10% for low molecular weight drugs and not abd% for
peptides such as calcitonin and insifith The most important factor limiting the nasal alpsion of polar drugs and
especially large molecular weight polar drugs sashpeptides and proteins is the low membrane pdilitga
Larger peptides and proteins are able to passab& membrane using an endocytotic transport psdmetsonly in
low amounts®

Mucociliary clearance

Particles entrapped in the mucus layer are tratesgpavith it and thereby effectively cleared frone thasal cavity.
The combined action of the mucus layer and cilieaided mucociliary clearance. This is an importaain-specific
physiological defence mechanism of the respirata@gt to protect against noxious inhaled materisllscus traps
the particles of dust, bacteria and drug substaandsis transported towards the nasopharynx atadspf 5 - 8
mm/7q1in , Where it is swallowed. The normal mucagifi transit time in humans has been reported thzbe 15
min ",

Protective barriers

The first step in the absorption of drugs from tlasal cavity passed through the mucus. Unchardestamces with
small molecular weight can easily pass through loyer. However, larger or charged particles may fit more
difficult to cross. Mucin, the principal protein the mucus, has the potential to bind to solutesldring diffusion.
Additionally, structural changes in the mucus lageg possible as a result of environmental chasgeb as pH,
temperature etc. The nasal membrane is a physacaéband themucociliary clearance is a tempoaatiér to drug
absorption across the nasal epithelium.

Enzymatic barrier

The role of the enzymatic barrier is to protectibner respiratory airways from toxic agents; thesalamucosa
contains many enzymes such as cytochrome P450-depemonooxygenase, carboxyl esterase and amino
peptidase. Although nasal delivery avoids hepéatit-pass metabolism to some extent, the nasal saupovides a
pseudo-first-pass effect. In addition, there ardowus barriers in the nasal membrane for protecfrom the
microorganisms, allergens and irritating substarfoe® the environment that must be overcome by sifugfore
they can be absorbed into the systemic circul&tion

Table 1: Barriers in nasal drug product development
Nasal barriers Factors to be considered
I.  Physiological barrier
a. Nasal mucus Viscosity, pH of mucus and drug/dosage form-mucus interaction
b. Nasal epithelial barrier Molecular weight, ionization constant and mode of transport
c. Mucocliliary clearance Nasal residential time and nature of dosage form
d. Pathophysiology Volume of nasal secretion and permeability of epithelium
e. Nasal metadolism Nature of the malecules (e.g., profein and peptides)
f.  Efflux transport system Nature of drug molecule and duration of therapy
IIl. Physicochemical barriers
a. Drug solublity and dissolution Nature of dosage form, dose, pKa, and polymorphism
b. Molecular weight and size Less bioavailabilty with molecular weight more than 1000
¢. Compound lipophilicity Affects the nose to hlood and nose te brain absorption
d. pHandpKa Unionized pH favors for absorption
lIl. Formulation factors
a. Drug concentration, dose, and High concentration for better bioavailabilty, maximum dose in Minimum
volume vehicle (less than 200 WI)
b. QCsmolarity Isoionic solution prevents epithelial damage and toxicity
c. Site of deposition Site of deposition based on viscosity, position of head, volume,
delivery device, deposition at anterior chamber prolong the
nasal residential tims
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Strategies to Improve Nasal Bioavailability®>®

Various strategies used to improve the bioavailgbibf the drug in the nasal mucosa which includes
1. To enhance nasal absorption

2. To improve the nasal residence time

3. To modify drug structure to change physicochaicoperties.

Any one or combination of above approaches are fmethe enhancing the absorption and bioavailgbdf the
formulations. Several methods have been used iiiddte the nasal absorption of drugs includes:

1. Nasal enzyme inhibitors
Absorption enhancers like bile salts and fusidiid aterivatives and Other enzyme inhibitors aresiripaprotinin,
borovaline, amastatin, bestatin and boroleucinbitdnis.

2. Nasal Permeation enhancers

Some of the chemical penetration enhancers are

Surfactants: Polyozyethylene-9-lauryl ether (Lalw@), Saponin

Bile salts: Trihydroxy salts (glycol- and taurochis),Fusidic acid derivatives (STDHF)
Chelators: Salicylates, Ethylenediaminetetraaaatid (EDTA)

Fatty acid salts: Oleic acid, Caprylate (C8), Cap(€10), Laurate (C12)
Phospholipids: Lysophosphatidylcholine (lyso-PCigdazanoyl- PC

Glycyrrhetinic acid derivates: Carbenozolone, Glygizinate

Cyclodextrins: _, 3, and _- cyclodextrins and tleirivatives

Glycols: n- glycofurols and n- ethylene glycols

3. Prodrug approach

Prodrug approach is mainly for improving the nasiavailability especially for the proteins and pdes to
enhance the membrane permeability along with irse@anzymatic stability 44. The absorption of pigdilike
angiotensin I, bradykinin, caulein, carnosine, epikalin, vasopressin and calcitonin are improvegreypared into
enamine derivatives, these agents showed absomatitemcement with prodrug approach.

4. Structural modification

Modification of drug structure without altering pha@acological activity is one of the lucrative wagsimprove the
nasal absorption.Chemical modification of salmoleitanin to ecatonin (C-N bond replaces the S-Sd)@thowed
better bioavailability than salmon calcitonin.

5. Particulate drug delivery

Particle design is an increasingly important rabeabsorption enhancement. Microspheres, nanopestiahd
liposomes are all systems which can be used agisto encapsulate an active drug. Systems caedigned to be
mucoadhesive to increase the retention time antitéée sustained release. Microspheres are maidsease the
absorption and bioavailability by adhering to tlesal mucosa and increase the nasal residence tidneg

6. Bioadhesive polymers as delivery systems

Low methylated pectins have been shown to gel andelained in the nasal cavity after depositionitdshn is
known to be bioadhesive and also to work as anrpbsn enhancer. Consequently, two types of pectivg5 and
LM-12, together with chitosan G210, can also baluse

Delivery systems:

The selection ofdelivery system depends upon thg being used, proposed indication, patient pojmurdand last
but not least, marketing preferences. Some of tedisery systems and their importants featuressaramarized
below:

Nasal Drops?®

Nasal drops are one of the most simple and connesistems developed fornasal delivery. The maadiiantage
of this system is the lack of the doseprecision thatefore nasal drops may not be suitable forqpimgson
products. It has been reported that nasal dropesitepuman serum albumin in the nostrilsmore effitly than
nasal sprays.
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Nasal sprays:®

Both solution and suspension formulations can bmdtated into nasal sprays. Due to the availabditymetered
dose pumps and actuators, a nasal spraycan daliverxact dose from 25 to 2G0n.The particles size and
morphology(for suspensions)of the drug and visgasitthe formulation determine thechoice of pumg astuator
assembly.

Nasal Gels:®

Nasal gels are high-viscosity thickened solutionsswspensions. Until therecent development of peediosing
device, there was not much interest inthis systEhe advantages of a nasal gel includes the reductfigoost-
nasaldrip due to high viscosity, reduction of tastpact due to reduced swallowing,reduction of mteaior leakage
of the formulation, reduction of irritationby usirgpothing/emollient excipients and target to mucfisabetter
absorption.

Nasal Powder:??

This dosage form may be developed if solution argpsnsion dosage forms cannot be developed egtodack

of drug stability. The advantages tothe nasal powdesage form are the absence of preservative and
superiorstability of the formulation. However, tisaitability of the powder formulationis dependemt the
solubility, particles size, aerodynamic propertiginasal irritancy of the active drug and /or eberifs. Local
application ofdrug is another advantage of thigesyis

Evaluation of nasal formulations:

(A) In vitro nasal permeation studies:

Various approaches used to determine the drugsifiifuthrough nasal mucosa from the formulation. Te
important methodologies tostudy the diffusion geoif the drug are discussed here,

In vitro diffusion studies 8

The nasal diffusion cell is fabricated in glasfiewater-jacketed recipient chamber hastotal cgpat60 ml and a
flanged top of about 3mm; the lid has 3 openindydac sampling, thermometer, and a donor tube cleanithe 10
cm long donorchamber, and a donor tube chambetoltalscapacity of 60 ml and a flanged topof abauin® the
lid has 3 openings, each for sampling, thermometed, adonor tube chamber the 10 cm long donor ceatube
has internal diameter 0f1.13 cm. The nasal muobsheep wasseparated from sub layer bony tissukstaned in
distilled water containingfew drops at genatamyiajection. After the complete removal of blood fromscosal
surface, is attached to donor chamber tube. Tiherdochamber tube is placed such a waythat it justies the
diffusion medium in recipient chamber. Atpredetared intervals, samples (0.5 ml) from recipient chamare
with drawand transferred to amber colored ampodias. samples withdrawn issuitablyreplaced. Thepdasnare
estimated fordrug content by suitable analyticahtgéque. Through out the experiment thetemperasungaintained
at 37°C.

(B) In Vivo Nasal Absorption studie§>*°

Animal models for nasal absorption studiesThe ahimadels employed for nasal absorption studies eafliwo
types, viz., whole animal or in vivo model and aplatedorgan perfusion or ex vivo model. These hsodee
discussed in detailbelow:

Rat Model

Thesurgical preparation of rat for in vivo nasas@aiption study iscarried out as follows: The radnaesthetized by
intraperitonealinjectionof sodium pentobarbital. #gision is made in the neck and the trachea mmaated with a

polyethylene tube. Another tube is inserted throtigfoesophagus towards the posterior region ohaisal cavity.

The passage of thenasopalatine tract is sealelgasdhie drug solution is not drained from thenasaity through

the mouth. The drug solution is delivered to theaheavity through the nostril or through the caatioh tubing.

The blood samplesare collected from the femorai.v&s all the probable outlets of drainageare bdolckhe drug

can be only absorbed and transported into the mysteculation by penetration and/or diffusion thgh nasal

mucosa.

Rabbit Model**
Therabbit offers several advantages as an animdéhfior nasal absorptionstudies:
1. Itis relatively cheap, readily available angdibanaintained in laboratory settings
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2. It permits pharmacokinetic studies as with laagamals (like monkey)

3. The blood volume is large enough (approx. 300ml)

4. To allow frequent blood sampling (I-2ml)

Thus it permits full characterization of the abgimmp and determination of the pharmacokineticpeofif a drug.
Rabbits (approx. 3 kg) areeither anaesthetizedadntained in theconscious state depending on thgopa ofstudy.
In the anaesthetized model, the rabbit is anaéstiteby an intramuscular injection ofa combinatafrketamine
and xylazine. The rabbit's head is held in an dprgpsition and the drug solution is administergdnasal spray
into each nostril. During the experiment the bosiyperature of the rabbit is maintained at 37°C withhelp of a
heating pad. The blood samples are collected bgdmelling catheter in the marginal ear vein oegyt

Dog Modef?

The dog is either anaesthetized or retained hctéimscious condition depending on the drug charatitey and the
purpose of experiment. The dog isanaesthetizedtbgvienous injection of sodium thiopental and thesthesia is
maintained with sodium Phenobarbital. A positivegsure pump through a cuffed endotracheal tubesgive
ventilation. The body temperature is maintaine@&38°C by a heating pad. The blood sampling isiedrout
fromthe jugular vein.

Sheep Modef®

The sheep, rabbit and dog models are more practicd! suitable for investigating nasal drug delivémym
sophisticated formulations. They permit better eaibnof the parameters there involved. The in \elieep model
for nasal delivery is essentially parallel to tfatthe dog model. Male in-house bred sheep ardaymg since they
are free from nasal infections.

Monkey Model

Monkeys (approx. 8 kg) are anaesthetized, trangedlor maintained in the conscious state as peetperimental
purpose. The monkey is tranquillized byintramuscutgection of ketamine hydrochloride or anaesttesdi by
intravenous injection of sodium Phenobarbital. Tiead of the monkey is held in an upright positiod ¢&e drug
solution is administered into each nostril. Followithe administration, the monkey is placed in@irgiposition in
a metabolism chair for 5-10 min. throughout thersewf study the monkey breaths normally throughrtbstrils.
The blood samples are collected through an indmgeliiatheter in the vein.

Ex Vivo Nasal Perfusion Model&*

Surgical preparation is the same as that is farivo rat model. During the perfusion studies, arfeinis placed
between the nose and reservoir tominimize the ¢édsdrug solution. The drug solution is placed imeaservoir
maintained at 37°C and is circulated through thsahaavity of the rat with a peristaltic pump. Tperfusion
solution passes out from the nostrils (throughftimmel) and runs again into the reservoir. The drolgtion in the
reservoir is continuously stirred. The amount ofigdrabsorbed is estimated by measuring the residuaj
concentration in the perfusing solution. The dratvity due to stability problems may be lost dgrithe course of
experiment. This is especially true for peptide g@mdtein drugs that may undergo proteolysis andegggion.
Rabbit can also be used as the animal model forivexnasal perfusion studies. The rabbit is anat&dd with
parenteral uretliane-acepromazine. Amidline incisis made in the neck and the trachea is cannulaitd a
polyethylene neonatal endotracheal tube. The oegmyshis isolated and ligated. The distal end ob#sophagus is
closed with suture and flexible tygon tubing iserned into the proximal end and advanced to théepios part of
the nasal cavity. The nasopalatine tract (that eotsnnasal cavity to the mouth) is closed with dimesive to avoid
drainage of drug solution from the nasal cavitye Tug in isotonic buffer solution is recirculatesing a peristaltic

pump.

Application of Nasal Drug Delivery System

Local delivery®>

For the natural treatment of topical nas@lodiers the drug is administered through Inasde. Among the
most common examples are antihistamines amtcasteroids for rhinosinusitis, and nasal alegestants for
cold symptoms. In fact, relativelylow doses arfeafve when administered through nasal route \gigls systemic
toxic effects.

Systemic delivery®: 1%
The intranasal administration of drugs is an effectvay for systemic availability of drugsas congzito oral and
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intravascular routes. Actually, it seems toesgnt fast and extended drug absorption, arftbis been
supported by many studies planned tocompamtranasal drug delivery againstthe oral and
parenteral administration.Examples include anatge@norphine), cardiovascular drugs as propraraniedilol, h
ormones such as levonorgestrel, progesterone #sdlin, anti-inflammatory agents as indomethacand
ketorolac, antiviral drugs. Some examples whighamailable in the market include zolmitriptan, siiriptan for
the treatment of migraine and cluster headaches.

Nasal vaccine® 109115

Nasal mucosa is the first site of contadthwnhaled antigens and therefore, its use fovaccination,
especially against respiratory

infections, has been extensively evaluated. In faasal vaccination is a promising alternativen®s ¢lassic parenter
al route, because it is able to enhance the systengls of specific immunoglobulin G and nasetrstary
immunoglobulin A. Examples of the

human efficacy of intranasal vaccines include traggainst influenza A and B virus, proteoseimiuenza, adenovir
usvectored influenza, group B meningococcal natiggenuated respiratory syncytial virus

and parainfluenza 3 virus.

CNS delivery through nasal route*®

Intranasal route has promising approaches for elief drugs to the brain. The delivery of drugghte CNS from

the nasal route may occur via olfactory neuroepithe The transport via trigeminal nerve systemrmirthe nasal
cavity to CNS has also been described.Drug delivbrpugh nasal route into CNS has been reported for
Alzheimer’s disease, brain tumors, epilepsy, paih sleep disorders.

Conclusions

The intranasal route is an accessible alternabitbe intravenous route. It is safe and efficadimumsulations which
would be useful for a simple, painless and longateerapy.lt is very likely that in the near futuremre drugs will
come in the market intended for systemic absorptidghe formof nasal formulation.

NDDS provides route of drug administration for dsug/hich degrade due to first pass metabolism. ghaualso
poses many challenges such as low absorption,doxjical problems, high dose requirements etc. times of
absorption enhancers is proving to be useful irgingga the absorption.With ongoing efforts to improve
bioavailability of protein and peptide drug throughsal route, the nasal route can become the moote for
administration of protein drugs..
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