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Abstract

Novel drug delivery is one of the fastest growingalthcare sectors, with sales of drugs
incorporating novel drug delivery systems incregsin annual rate of 15%, conventionally; the
nasal route has been used for the local delivedrads for the treatment of nasal allergies and
infections. In recent years, research has estadliihat the nasal route is a safe and acceptable
alternative to the parenteral administration ofgdtuThe nasal route has also been found to be
useful in targeting drugs to the central nervoustesy. In addition, absorption of drug at the
olfactory region of the nose provides a potentald pharmaceutical compound to be available
to the central nervous system. The nasal delivdryaxcines is another very attractive
application in terms of efficacy and patient aceepe. The use of the nasal route for the
delivery of challenging drugs has created muchréstein recent years in the pharmaceutical
industry. A drug molecule can therefore quicklytensferred across the single epithelial cell
layer directly to the systemic blood circulation tivaut first-pass hepatic and intestinal
metabolism. The effect is often reached within B for smaller drug molecules. Nasal route is a
part of drug delivery strategy that is emergindpéoa fastest growing drug delivery system with
an annual growth of 11% for locally acting drug882s6 for systemically acting drugs.
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Introduction

Nasal administration can therefore be used astamative to oral administration of for example

tablets and capsules if a fast effect is desireid the drug is extensively degraded in the gut or
liver. Therapy through intranasal administratiors lheen an accepted form of treatment in the
Ayurvedic system of Indian medicine. Historicallyasal drug delivery system has received
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interest since ancient times Nasal administratenm fee used to deliver drugs for either local or
systemic effect. Locally acting drugs are for ex@mgecongestants and allergy treatments.
Examples of systemically active drugs availablenasal sprays are migraine drugs, nicotine
replacement and hormone treatments. In order toutate a nasal formulation with desirable
performance and commercial attributes, the drugpgmces, delivery system and nasal
physiology should all be considered and understroch the early stages of a product
development. It is advisable to focus on maximizimg residence time and ensuring an efficient
absorption of drug. A successful nasal formulagoogram involves detailed consideration of
the interactions between formulation compositioeyide design, delivery system and the
patient's pathological condition. If a nasal foratidn is delivered to the target site of absorption
(turbinates), benefits can be gained from increaabdorption and/or decreased dosage
requirements. There may also be a reduction of tafsthe drug because of minimum or reduced
swallowing of the administered drug. Currently, @iperture design pumps are available to
administer formulations in an upward direction. 8ese the turbinates are located at the sides of
the nostrils , the entire dose volume cannot beirsdtared to the target site of absorption. This
also leads to swallowing of part of the dose. liyrha possible to design a side aperture pump to
direct the entire dose volume directly to the apson site, the turbinates, for more efficient
(target) nasal delivery. Nasal sprays for locakeffare quite common. Several antimigraine
drugs are also currently administered by nasal adination because a fast effect is desired and
oral administration can be prohibited by nauseati®e drugs (hormone treatments) are also
available as nasal sprays, in this case to avaid degradation after oral administration. The
peptide analogue desmopressin is, for exampleladaifor both nasal and oral administration.
The bioavailability of the commercial tablet is @lwhile that of the nasal spray is 3-5%
according to the SPC (summary of product charaties). Other potential drug candidates for
nasal administration include anaesthetics, antiesia@ind sedatives that all benefit from a fast
onset of effect.

Advantages

+ A noninvasive route and rapid absorption and oastbn of drugs.

+ Ease and convenience of administration especiallyg, the every old and disabled patients

+ Drug degradation that is observed in the gastrsiimal tract is absent.

¢ Hepatic first — pass metabolism is absent.

+“ Rapid drug absorption and quick onset of actiontmachieved.

“ The bioavailability of larger drug molecules canif@roved by means of absorption
enhancer or other approach.

+ The nasal bioavailability for smaller drug moleauig good.

+ Drugs that are orally not absorbed can be deliverydéde systemic circulation by nasal drug
delivery.

+ Studies so far carried out indicate that the nas#k is an alternate to parenteral route,
especially, for protein and peptide drugs.

+« Convenient for the patients, especially for thoséamg term therapy, when compared with
parenteral medication.

Disadvantages

+ Changes of immunologic reactions.

+ Relatively inconvenient to patients when compacedral delivery systems since there is a
possibility of nasal irritation.
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+ Nasal cavity provides smaller absorption surfae@a avhen compared to GIT.

+ Inadequate availability of toxicity data for peragton enhancement.

+« Nasal Pathology may adversely affect the produdetg¥eness.

+«+ Rapid mucocillary clearance.

Approaches of nasal drug delivery systems

Nasal drug administration has been used as amatiez route for the systemic availability of
drugs restricted to intravenous administration.sTisi due to the large surface area, porous
endothelial membrane, high total blood flow, theidance of first-pass metabolism, and ready
accessibility. The nasal administration of drugs;luding numerous compound, peptide and
protein drugs, for systemic medication has beerelyithvestigated in recent years. Drugs are
cleared rapidly from the nasal cavity after intreedlaadministration, resulting in rapid systemic
drug absorption. Several approaches are here detder increasing the residence time of drug
formulations in the nasal cavity, resulting in iraped nasal drug absorption. The article
highlights the importance and advantages of thg dalivery systems applied via the nasal route,
which have bioadhesive properties. Bioadhesivenore appropriately, mucoadhesive systems
have been prepared for both oral and peroral adirétion in the past. The nasal mucosa
presents an ideal site for bioadhesive drug delisgstems. In this review we discuss the effects
of microspheres and other bioadhesive drug deliggstems on nasal drug absorption. Drug
delivery systems, such as microspheres, liposomdsgals have been demonstrated to have
good bioadhesive characteristics and that swellyea$ien in contact with the nasal mucosa.
These drug delivery systems have the ability tarobthe rate of drug clearance from the nasal
cavity as well as protect the drug from enzymategrddation in nasal secretions. The
mechanisms and effectiveness of these drug delsystems are described in order to guide the
development of specific and effective therapies tbe future development of peptide
preparations and other drugs that otherwise shdaddadministered parenterally. As a
consequence, bioavailability and residence timthefdrugs that are administered via the nasal
route can be increased by bioadhesive drug delsysiems. Although the majority of this work
involving the use of microspheres, liposomes ands ge limited to the delivery of
macromolecules (e.g., insulin and growth hormoti®g}, general principles involved could be
applied to other drug candidates. It must be empbédghat many drugs can be absorbed well if
the contact time between formulation and the nasedosa is optimized.

Strategies for improving drug availability in nasal administration:

Various strategies used to improve the availabditthe drug in the nasal mucosa, include
1) To improve the nasal residence time

2) To enhance nasal absorption

Toimprovethe Nasal residence time:

Mucocilliaryclearance acts to remove the foreigrdibs and substances from nasal mucosa
asquickly as possible. One way of delaying cleadado apply the drug to the anterior part of
the nasal cavity, an effect that is largely deteedi by the type of dosage form used. The
preparation could also be formulated with polymexnsch as methylcellulose, hydroxy
propylmethyl cellulose or polyacrylic acid, in whiacorporation of polymer increases viscosity
of the formulation and also acts as a bio adhesitte mucus. Increase in residence time does
not necessarily lead to increase the absorptias; dbncept can be illustrated by considering
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insulin solution with similarviscosity containingudopol and CMC. Here carbopol enhance the
absorptionwhereas CMC solution doesn’'t enhancealiserption of insulin. If we increase the
viscosity, slow diffusion of drug from matrix cagsestention in absorption with CMC. Incase of
carbopol causes enhancement of absorption duestirapthe intracellular junctions. One more
lucrative way to increase the nasal resistance isnesing biodegradablemicrospheres as a
carrier for drug delivery. Biodegradable microsgserswellin presence of water thereby
increasing the viscosity. This phenomenon leadsdease the nasal residential time.

Enhancing nasal absor ption:

The mechanism of action of absorption enhancengseasing the rate at which drug passes
through the nasal mucosa. Many enhancers act &ymgjtthe structure of epithelial cells in some
way, but they should accomplish this while causimmgdamage or permanent change to nasal
mucosa.

Physiochemical Properties of Drugs:

Chemical form:

The form of a drug can be important in determirabgorption. For example, conversion of the
drug into a ester form can alter its absorptiorwds observed that in—situ nasal absorption of
carboxylic acid esters of L-Tyrosine a significgrgleater than that of L-Tyrosine.

Polymor phism:

Polymorphism is known to affect the dissolutiorerablubility of drug and thus their absorption
throughbiological membranes. It is therefore advisable to studypiblgmorphic stability and
purity of drugs for nasal powders and/or susperssion

Molecular Weight:

A lenear inverse correlation has been reported detvihe absorption of drugs and molecular up
to 300 Daltons.Absorptions decreases significaiittite molecular weight is greater than1000
Daltons except with the use of absorption enhancers

Particle Size:

It has been reported that particle sizes greatmm tOum are deposited in the nasal cavity.
Particles that are 2 to 10n can be retained in the lungs, and particles s than um are
exhaled.

Solubility and Dissolution Rate:

Drug solubility and dissolution rates are importéatdtors in determining nasal absorption from
powders and suspensions. The particles depositibe inasal cavity need to be dissolved prior to
absorption. If drugs remain as particles or isrddaway, no absorption occurs.

Delivery Systems:

The selection of delivery system depends upon thg Heing used, proposed indication, patient
population and last but not least, marketing pesfees. Some of these delivery systems and
their important features are summarized below:
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Nasal Drops:

Nasal drops are one of the most simple and connesystems developed for nasal delivery. The
main disadvantage of this system is the lack ofdibee precision and therefore nasal drops may
not be suitable for prescription products. It hagrbreported that nasal drops deposit human
serum albumin in the nostrils more efficiently theasal sprays.

Nasal sprays:

Both solution and suspension formulations can bentditated into nasal sprays. Due to the
availability of metered dose pumps and actuatorsgsal spray can deliver an exact dose from
25 to 200um.The patrticles size and morphology (for suspes3adrthe drug and viscosity of the
formulation determine the choice of pump and acuassembly.

Nasal Gels:

Nasal gels are high-viscosity thickened solutionsuspensions. Until the recent development of
precise dosing device, there was not much intémetstis system. The advantages of a nasal gel
includes the reduction of post-nasal drip due ghhiiscosity, reduction of taste impact due to
reduced swallowing, reduction of of anterior leakad the formulation, reduction of irritation
by using soothing/emollient excipients and targanucosa for better absorption.

Nasal Powder:

This dosage form may be developed if solution aodpsnsion dosage forms cannot be
developed e.g., due to lack of drug stability. Bdgantages to the nasal powder dosage form are
the absence of preservative and superior stalofithe formulation. However, the suitability of
the powder formulation is dependent on the solibiparticles size, aerodynamic properties and
nasal irritancy of the active drug and /or excipgenLocal application of drug is another
advantage of this system.

Conclusion

Nasal drug delivery offers such benefits as Rapgkbof action with lower dose & minimal side
effects. Has an advantage of site-specific deliweiti improved therapeutic effects. Attractive
for delicate molecules allowing systemic administra without significant degradation. Nasal
drug delivery system offers flexibility for multigl formulations ranging from nasal drop to
suspension spray recent activities indicate a brigtospect for site-specific delivery of
biotechnological products such as Insulin & oth@mimones. According to a recent report, 13 per
cent of the US$337billion global pharmaceutical kearwas related to sales of products
incorporating a drug delivery system, a figure eteeé to grow to 20 per cent by 2005.
Therefore, although oral delivery remains the pref# option of the patient and the
pharmaceutical industry, alternatives such as tl@msal, pulmonary and nasal delivery systems
are gaining increased interest. Today's nasal efgltechnology - the spray pump - has been the
status quo for over 25 years. Despite the factupab 90% of the drug ends up in the stomach,
somehow spray pumps became accepted as nasal dhwgryl devices. As the field of
biotechnology continues to advance, nasal drugesliis increasingly becoming a more viable
alternative to oral and injectable routes of adstiation. Recently, it has been shown that many
drugs have better bioavailability by nasal rouentby oral route.
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