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ABSTRACT

Over the last few decades transmucosal nasal drelivety as a non-invasive route has

occupied an important place in the field of drugivkey technology. This is due to high

vascularity, large surface area, the avoidance epdtic first-pass metabolism, gut wall

metabolism and/or destruction in gastrointestimatt. Since nasal mucosa offer several benefits
for target drug delivery, a wide variety of theragie compounds may be administered
intranasally for topical, systemic and central nemg system action. In this review, we focus on
the different aspects of nasal anatomy, and higigl@and the different factors that must be
considered during the development of formulation riasal delivery. We also outlined the

different methods has been used to study the ahsalkption in rats.

Keywords. Anatomy, Physicochemical properties, Nasal prégutn-situ method, in-vivo
method.

INTRODUCTION

Oral route is the most desirable and convenienharkdf drug administration as their ease of
manufacture and administration. Failure of adeqaht®rption through the gastrointestinal tract
led to research on alternate routes of drug deliviResearchers developed the parenteral route of
drug administration to solve the above problem. therpast few decades, the transdermal route
has been selected for delivery of certain drugswéid@r, its use is limited due to low
permeability of the skin to many drugs.
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Now a day, researchers have been on selected magaisa as an alternate route to achieve
faster and higher drug absorption. Knowledge ofriiigal mucosa’s high permeability and use of
the nasal route for drug administration can beettaio ancient times. Realization of the nasal
mucosa as a therapeutically viable alternate roamee in the last two decades.

The development of suitable nasal drug deliveryesyss still the challenges of researchers. A
better knowledge on the properties of drug molegulermulation matrices, the nasal mucosa
itself and the drug delivery systems affect drugaaption through the nasal route, is invaluable.
A stable, safe and effective nasal product canéwldped through appropriate and adequate
preformulation studies of drug.

In the last few years, the nasal route has recedvgreat deal of attention as a convenient and
reliable method for the systemic administratiordofigs, especially those which are ineffective
orally and must be administered by injection.

From extensive literature search, it can be constithat the nasal delivery is suitable for drugs
with the following criteria:

* ineffective orally

» used chronically

* used in small doses

» rapid entry to the general circulation is desirable

Advantages and drawback of nasal drug delivery

Advantages of nasal drug delivery

The major advantages associated with nasal drinedéahclude:

» rapid absorption, higher bioavailability, therefol@ver doses;
» fast onset of therapeutic action;

» avoidance of liver first pass metabolism;

» avoidance of metabolism by the gastrointestinakira

» avoidance of irritation of the gastrointestinal neeme;

* reduced risk of overdose;

* non-invasive, therefore, reduced risk of infectidisease transmission;
» ease of convenience and self-medication;

* improved patient compliance;

» can be a beneficial adjunct product to an exigpiragluct;

Drawback of nasal drug delivery

However, besides its so many advantages theresisfalv drawback of nasal drug delivery
system. The drawbacks of nasal drug delivery irelud

* mucociliary clearance reduces the residence tinoudf;

* not applicable to all drugs;

» insufficient absorption due to lack of adequateemys solubility;

* require high volume of dose (25-200 ml) dependingqueous solubility of drug;
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» few drugs can cause nasal irritation;

» few drugs may undergo metabolic degradation imtmsal cavity;

» less suitable for chronically administered drugs;

» drugs requiring sustained blood levels should motdnsidered for nasal delivery as there is
no conventional way of formulating sustained redeiype nasal dosage forms.

Anatomy of the nose

The total surface area of human nasal cavitiebasita150 crfiiand the total volume is about 15
ml. The nasal cavity is divided into two halvestbg nasal septum. The volume of each cavity is
approximately 7.5 ml, having a surface area arotfidnf. The anatomy and histology of the
nasal cavity is shown in Fig. 1. The nasal cavitysists following three main regions:

The vestibular region

It is located at the opening of nasal passagessamainly responsible for restricting entry of air
borne particles. It is considered to be less ingyarof the three regions with regard to drug
absorption.

The respiratory region

The respiratory region is the largest having thghést degree of vascularity. The respiratory
region contains three nasal turbinates: superiaddie, and inferior which project from the
lateral wall of each of the nasal cavity. The pneseof these turbinates creates a turbulent
airflow through the nasal passages ensuring arbetiatact between the inhaled air and the
mucosal surface. The respiratory region is constilas the major site for drug absorption into
systemic circulation. The mucosa consists of athefum resting on a basement membrane and
a lamina propria. The anterior part of respirataegion is covered with squamous epithelium,
while he posterior part covered by a pseudosteatifcolumnar epithelium. The cells of
respiratory epithelium are covered by about 300 onidi per cells.

The respiratory epithelium consists of four domaaatell types; ciliated columnar cells, non-
ciliated columnar cells, goblet cells, and basdlscdhe basal cells are situated on the basal
membrane and do not extend to the apical epithetiurface, as do the other three cell types.
The presence of tight junction between neighboepighelial cells prevents the free diffusion of
hydrophilic molecules across the epithelial by paeacellular route.

The olfactory region

The olfactory region is situated between the negptum and the lateral walls of each of the two
nasal cavities and just below the cribriform platethe ethmoid bone separating the cranial
cavity from nasal cavity. The olfactory epitheliusma pseudostratified epithelium, comprising
olfactory sensory neurons and two types of cellssab cells that are able to differentiate
neuronal receptor cells and sustentacular cellgp@ting cell) that provide mechanical support
by ensheathing neuronal receptor cells and maiti@mormal extracellular potassium level for
neuronal activity [1]. The olfactory epitheliumasvered by a dense and viscous layer of mucus,
which is secreted from the tubuloalveolar Bowmaglands and the supporting cells. The
olfactory epithelium constitutes only about 5% loé total area of the nasal cavity in man [2]. It
is about 10 crin surface area, and it plays a vital role in ddefjvery because it bypasses the
BBB, delivering therapeutic drugs to CNS [3].
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It should be noted that the blood supply to theahasicosa is pertinent with regards to systemic
drug delivery. The arterial blood supply to thealasavity is derived from both the external and
internal carotid arteries. The blood that is suggplio olfactory region by anterior and posterior
ethmoidal branches come from the ophthalmic arsepply, which is branch of carotid artery.
These vessels supply the anterior portion of tleen@hen the drug is administered intranasally,
it can enter into the brain via three differenthzaf4]. The first one is the systemic pathway by
which the drug is absorbed into the systemic catoih and subsequently reaches the brain by
crossing BBB (especially lipophilic drug). The athare the olfactory region and the trigeminal
neural pathway by which drug is transported digeftdim the nasal cavity to CNS (cerebrospinal
fluid and brain tissue) [5]. The trigeminal nenexeptors which are present in the nasal cavity
are responsible for most chemoperception and aggested to transport the drug directly to
CNS of drugs to the brain and the CNS [6].

The deep and superfacila cervical lymph nodes veérepecial interest in intranasal drug
delivery because they are known to receive lymphafferents from portions of the nasal
passages and nasolabial areas, respectivey [4.pHtihway is thought to mediate the efflux of
large molecules and/or immune cells from sites iwithe CNS to the lymphatic system [8]. The
connection between the brain and nasal lymphati@g offer a direct pathway from the brain
interstitial fluid to the nasal submucosa that edelk direct conact with the cerebrospinal fluid

9.

There are different mechanism by which the drugesacthe olfactory membrane to reach CNS.
The first mechanism involves direct transfer of tirelg to primary neurons of the olfactory
epithelium and transport to the olfactory bulb byracellular axonal transport with subsequent
possible distribution into more distant brain tssuThe second mechanism depends on the drug
permeation across the olfactory sustentacular epmth cells, either by transcellular or
paracellular mechanisms followed by uptake into CNIBe last one employs pinocytosis by
olfactory neurons [2]. The drug can cross olfactobe by one or combination of pathways.

Physicochemical properties of drugswhich affect their nasal delivery

Drug molecular weight and size

The permeation of drugs having molecular weights I&#san 300 Da is not significantly
influenced by the physicochemical properties of dngg as they will mostly permeate hrough
aqueous channels of the membrane. On the other trendate of permeation is highly sensitive
to molecular weight for compounds more than 300[T1§. The bioavailability of intranasally
administered peptides and proteins including imsatiay be low because of high molecular
weight and hydrophilicity [11].

Drug solubility and dissolution rate

Like other routes of administration, the nasal abison can take place only after the drug’s
dissolution. The dissolution rate is important ietedmining nasal absorption of powder and
suspensions dosage forms. Rapid dissolution is gargial for the drug particles after nasal
administration otherwise the particles will be sdbgd to rapid clearance from the airway with
subsequent reduction of the bioavailability [12].
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Fig. 1. Anatomy and histology of human nasal cavity (Pires et al, 2009)

pKa and the partition coefficient of drug

The nasal membrane is predominantly lipophilic,deerthe rate and extent of absorption of a
drug across a biological membrane is influencedlypophilicity. Normally, the permeation of
the compound through nasal mucosa increases withasing lipophilicity [13]. Low molecular
weight lipophilic drugs are absorbed quite effithgmcross the nasal epithelium, whereas larger
hydrophilic drugs, such as peptides and proteiage Ilsubstantially lower bioavailability because
they are not easily transported across nasal memltheereby enhancing mucociliary clearance.
However, if lipophilicity is too high, the drug deenot dissolve easily in the aqueous
environment of nasal cavity, hence, with accelerateicociliary clearance the contact time with
nasal membrane diminishes resulting in a reducedgeion through the wall [14].

In general, the passage across biomembrane igeaffaot only by lipophilicity/hydrophilicity,
but also by the amount of drug existing as unctiggecies. This depends on the drug gd
the pH of the absorption site. According to pH ppiart theory, the non-ionized fraction of a drug
is more permeable than that ionized. The nasalrpbso of week electrolytes depends on their
ionization degree and the largest absorption oclmrghe non-ionized species. For polar drugs
partition coefficient is the major factor influeng the permeability through nasal mucosa.

Chemical state: prodrugs

The chemical form in which a drug is presentedh&t hasal mucosa can be important in
determining its absorption. If a drug does not hthe desired absorption properties, several
options can be considered to improve the drug'sveigl. Prodrug technique has been employed
to increase the lipophilicity. The aliphatic prograf acyclovir provides a classical example of

this process, which resulted in an increased dio@vhilability. However, it should be noted that

the 140-fold increase in partition coefficient betdrug was only associated with 30% increase
in bioavailability. It should also be emphasizeattithe ester form of the prodrug can show
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greater increase in transnasal drug transport teumgture hydrolysis of such ester in the nasal
cavity provides the main limitation of this techneg[15].

Water-soluble prodrugs of p#stradiol have been evaluated after intranasalirastimation.
These prodrugs were capable of producing high seeélestradiol in the cerebrospinal fluid
(CSF), compared to an equivalent intravenous dbsese data suggest that the drug can reach
the CSF via a direct pathway through the nasaltgand as a result may have a significant
value in the treatment of Alzheimer’s disease [16].

Physical state: particle size and morphology

Particle size and morphology of drug particles titute important properties for particulate
nasal drug products. Particle size and morphologyreated to the drug dissolution and should
be controlled to obtain suitable drug dissolutionperties in the nostrils. In vitro dissolution
rates in suitable simulated fluid(s) should be adered. Particle size and morphology are also
important to minimize the feel of grittyness andsgibly irritation to the nasal cavity. Too fine
particles, below five microns may be inhaled inte fungs and should be avoided for nasal
products. Generally, particles in the 5-10 micrange are deposited in the nostrils.

Polymorphism

An evaluation and study of the polymorphic formsdafigs administered in particulate form is
an important parameter to be considered in nasaj droduct development. Polymorphism is
known to affect dissolution of drugs and their apson through biological membranes. The
effect of polymorphism on the nasal drug absorpliaa not been explored to date. However, in
view of the information available on other biolagicmembranes, this factor should be
considered.

Formulation properties which affect nasal drug delivery
The specific formulation properties which affectugrabsorption depend on the route of
administration and the type of dosage form selected

Types of dosage forms and delivery systems

Nasal drops are the simplest and the most convienasal pharmaceutical form, but the exact
amount of drug delivered is not easily quantifiedl aften result in overdose. Moreover, rapid

nasal drainage can occur when using this dosaga. fSolution and suspension sprays are
preferred over powders sprays because the lastasity prompted the development of nasal
mucosa irritation. Recently, gel devices have t@mreloped for a more accurate drug delivery.
They reduce postnasal drip and anterior leakagmgdfithe drug formulation in nasal mucosa.

This enhances the drug residence time and dimimisheociliary clearance, thereby, potentially

increases nasal absorption. Over the last few yspegialized systems such as lipid emulsions,
microspheres, liposomes and films have also beeal@jged to improve nasal drug delivery.

Drug concentration, dose and volume of adminisbrati

There should be clear positive relationship betwalesorption and drug concentration upto a
certain level. Such a relationship is not alwayserbed. There are many other confounding
factors which can influence the nasal membranesparn mechanism and provide a modified
absorption profile.
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In general, higher nasal absorption or therapeaffect was observed with increasing dose. It is
important to note how the dose is varied. If thesedds increased by increasing formulation
volume, there may be a limit as to what extent habaorption can be increased. The nostrils
can remain only a limited volume, beyond which arfolation will drain out of the nasal cavity.
The ideal dose volume range is 0.05-0.15 ml witlugmer limit of 0.20 ml.

Physical form of formulation

Nasal drug absorption depends on the physical foirtihe formulation. A powder form was
found to be more effective than liquid formulatidmscause powder is not readily washed out
with the nasal secretions.

Viscosity

As formulation viscosity increases, the contactetibetween drug and nasal mucosa enhances
and, thereby, the potential of drug absorption éases. At the same time, high viscosity of
formulations interferes with normal ciliary beatimgd/or mucociliary and, thus, incrases the
permeability of drugs. This has been observed dumesal delivery of insulin [17], acyclovir (
[18] and metoprolol [19]. However, sometimes, erdmag formulation viscosity does not
enhance the drug absorption. Generally, a moreowugséormulation will provide less efficient
systemic nasal drug delivery. Zaki et al. [20] stddthe influence of formulation viscosity on
the retention time of mwtoclopramide hydrochloridenasal cavity and on its absorption. They
observed that although the residence time enhaaseadscosity increased the drug absorption
diminished. This observation has been attributed wecrease in the drug diffusion from the
formulation. On the other hand, it has also beg@onted that the viscosity of the solution may
provide a larger therapeutic period of nasal foatiahs [20].

Formulation pH

The extent of nasal absorption depends on thg gdKdrug and pH at the absorption site,
contributing for that also the pH of formulation.i$ important to adjust nasal formulations to
appropriate pHs for the following reasons:

» To avoid irritation of the nasal mucosa;
» To avoid efficient drug absorption;
* To prevent growth of pathogenic bacteria in theahpassage;

To avoid nasal irritation, formulation pH should bdjusted between 4.5 and 6.5. The nasal
surface pH is 7.39 and the pH of nasal secretieris5-6.5 in adults and 5.0-6.7 in infants and
children. The physiological properties of drugs dobe kept in mind in deciding on
formulation pH. Most drugs are absorbed well inirthm-ionized form. While it is desirable
keep the formulation pH between 4.5 and 6.5, aedim pH lower than 4.5 may have to be
chosen to keep an appreciable drug fraction iuth@®nized form.

Formulation osmolarity

In a series of three articles, Ohwaki et al. [2tlijdged the effects of osmolarity, among other
factors, on the nasal absorption of secretin i\ fEBtey found that the absorption was affected by
the concentration of sodium chloride in the forniiola and the absorption reached a maximum
at a 0.462 M sodium chloride concentration. Shrgekaf epithelial cells of the nasal mucosa
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was observed at this salt concentration. At a fdautran pH of about 3, the observed effects may
have been a combination effect of the low pH arelghlt concentration. Vora et al. [22] have
also reported that drug absorption through the Inaseosa can be substantially affected by
formulation tonicity.

Formulation excipients

In nasal formulations, a wide variety of pharmamaltexcipients can be found and they are
selected accordingly to their functions. Solubilize buffer components, antioxidants,
preservatives, humectants, gelling/viscosifyingragieand flavoring or taste masking agents are
some of the most usual excipients. Although they rasponsible for several nasal irritations,
antioxidants, preservatives, humectants and flagoor taste masking agemts are not expected
to alter nasal drug absorption.

Biological factorswhich affect nasal drug absor ption

Nasal blood flow

The nasal mucosa is supplied by rich vasculatudepaesents a large surface area making it an
optimal local for drug absorption. The blood floate influences significantly the systemic nasal
absorption of drugs, so that as it enhances marg pisses through the membrane, reaching the
general circulation. Indeed, bearing in mind thabtsmof drug absorption takes place by
diffusion, the blood flow is essential to maintahe concentration gradient from the site of
absorption to blood. Hence, it is well known thasedilation and vasoconstriction may
determine the blood flow and, consequently, the aaid extent of drug to be absorbed.

The blood vessels in the nasal mucosa are surrdungl@drenergic nerves which act as alpha
adrenoceptors. Stimulation of these receptors kaa Bhown to decrease blood flow and blood
content in the nose of animals [23] and humans. [ZhE nasal blood is affected by several
external and physiological factors such as amliemperature, humidity, presence of vasoactive
drugs, trauma, and inflammation [25] as well aschsfogical factors such as emotion, fear,
anxiety, and frustration [26].

The nasal flow is sensitive to different locally systemically acting drugs. Drugs such as
oxymetazoline [24] and clonidine [27] decrease Oldlow whereas histamine [28], albuterol

[29], isoproterenol [30], phenylephrine [29] arehbterol [31] are shown to increase the blood
flow. Such effects are important in determiningalaug absorption due to their effect on blood
flow.

Enzymatic activity in the nose

Drugs nasally administered circumvent gastroimestand hepatic first-pass effect. However,
they may be significantly metabolized in lumen akal cavity or during the passage across the
nasal epithelial barrier due to the presence aiadybme P450 dependent monoxygenase, lactate
dehydrogenase, oxidoreductase, hydrolases, acispphtase and esterase. It has been reported
that cytochrome P450 isoenzymes metabolized thg duch as cocaine, nicotine, alcohols,
progesterone and decongestants [32]. Similarlytepigtic enzymes (aminopeptidases and
proteases) were found and they are belived to benthjor barrier against the absorption of
peptide drugs, such as calcitonin, insulin and dgsessin [33]. Thus, enzymes exist in the nasal
mucosa may affect the pharmacokinetic and pharnyaerdic profile of nasally applied drugs.

101
Pelagia Research Library



Sanjay Dey et al Der Pharmacia Sinica, 2011, 2 (3):94-106

In this context, although the nasal first-pass tmgtam is usually weaker than hepatic and
intestinal ones it cannot be ignored.

Mucociliary clearance

The function of mucociliary clearance system isemove foreign substances and particles from
the nasal cavity, consequently preventing them fr@aching the lower airways. Nasally
administered formulation can be cleared from thgahaavity with a half-life of clearance of
about 15 min with the result of limiting time awble for absorption [34]. The normal
mucociliary transit time in humans has been repottebe 12-15 min [35]. Rapid mucocliliary
clearance of drug formulations that are depositetié nasal cavity is thought to be an important
factor underlying the low bioavailability of intrasally administered drugs. Some drugs,
hormonal changes in the body, pathological conattjoand formulation factors especially
rheology are reported to affect mucociliary cleasmand in turn exert significant influence on
drug permeability.

Physical condition of the nasal mucosa

The condition of the nasal mucosa can have an itapbeffect on drug absorption. There are
times when the mucosa is crushing, bleeding, or @re may be suffering from rhinorrhea,
sinitis, or nasal infection. In people sufferingrfr severe nasal allergies, an excessive nasal
secretion can wash away the formulation before dhgy has a chance of getting absorbed
through the mucosa or before acting locally [36].

Ideal drug candidate for nasal delivery
Based upon an overall review of the literature lemnasal route of drug administration, an ideal
nasal drug candidate should posses the followitndpates:

» Appropriate aqueous solubility to provide the desirdose in a 25-150 pl volume of
formulation administered per nostril,

» Appropriate nasal absorption properties;

* No nasal irritation from the drug;

* A suitable clinical rationale for nasal dosage feyeg. rapid onset of action;

* Low dose. Generally, below 25 mg per dose;

* No toxic nasal metabolites;

* No offensive odors/aroma associated with the drug;

» Suitable stability characteristics.

M ethods used to study nasal absor ption in rats
The methods that are used to study nasal absomatioas follows:

In-situ method

Spague-Dawley male rats, weighing ~300 g eachnammally used. The rats are anaesthetized
by i.p. injection of 50 mg/kg sodium pentobarbitafter an incision is made in the neck of the

rats, the trachea is cannulated with a polyethyler®. Another tube is inserted through

esophagus to the posterior part of the nasal cavtis tube served to introduce the perfusing
solution into the nasal cavity. The nasopalatinelased with an adhesive agent to prevent the
drainage of the drug solution from the nasal cawityg the mouth. Various drug solutions with
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volume ranging from 3-20 ml are placed in a wadekgeted baker (20 ml) and keep at 37°C by
means of a circulating water bath. Each solutiodirisulated through the nasal cavity of the rat
by means of a polystaltic pump at a rate of 2-3mml/ The perfusion solution passes out from
the nostrils through the funnel and into the beagain. The solution is stir constantly using a
manetic stirring bar (Fig. 2). The samples soluiwithdrawn by a 100 ul syringe. The extent
of absorption is determined over a period of 1 habglyzing periodically the amount of drug

remaining in the perfusing solution.

The most significant advantage of this is that @@ screen several drugs easily and
conveniently using standard analytical proceduresthermore, if the study is conducted using
different perfusing volume, one can use the ealgrmined in-situ data to predict the in-vivo
rate of absorption.

Fig. 2. Experimental set-up for thein situ nasal perfusion experiment. (1) Drug reservoir; (2) magnetic
stirring bar; (3) tygon tube cannulation; (4) water jacketed beaker; (5) polystaltic pump; (6) water bath; (7)
trachea cannulation; (8) esophagus; (9) nasal cavity; (10) funnel.

In-vivo in-situ method

In this method, small volumes of the drug 50-10(agd administered to the nasal cavity. The
concentration of the drug in the nasal cavity iedained utilizing simple analytical procedures.
Furthermore, the data generated can be used gitegttedict in-vivo absorption rates.

Fig. 3 shows the experimental arrangement for theivio in-situ nasal experiments. The
surgical procedure is similar to that describedtfa in-situ recirculation studies, except that a
glass tube (3 cm long and 0.3 mm in diameter with end sealed) is inserted into the posterior
nasal cavity through the esophagus to keep théi@olin the nasal cavity. Prior to administering
the drug, the nasal cavity is carefully washed Withml of Ringer’s buffer to remove all traces
of blood. One hundred-microlitre aliquots of sabu containing drug are placed in one nostril
by means of micropipette. At an appropriate tinterwal, the nasal cavity is rinsed with 3.9 ml
of ringer’s buffer using peristaltic pump, and theeriment is terminated.
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Fig. 3. Experiment set-up for thein-vivo in-situ nasal absor ption experiment.
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Fig. 4. Diagram of the surgical procedure of nasal absorption in therat

Table 1: List of prescription nasal product currently on the market

No. | Product Drug Indication Manufacturer
BeconaseO AQ NasalB_eclomethasone Symptomatic treatment of seasomEf'A_I;”en , and
L Spray dipropionate and perennial allergic rhinitis anbury's/Glaxo
P monohydrate Wellcome Inc.
> VancenaseO AQ Nasalgiiﬁgop%itgf‘esone Symptomatic treatment of seasonabchering Plough
Spray monohydrate or perennial allergic rhinitis Corp.
. Management of symptoms of
3 RhinocortO Nasal Budesonide segsgnal and perennial gllerg|c | Astra USA. Inc.
Inhaler rhinitis and non-allergic perennial
rhinitis
4 Stadol NSO Nasal Butorphanol tartrate Mgnagement of pain mcludmgBrlsFoI Myers
Spray migraine headache pain Squibb
MiacalcinO Nasal - . Sandoz
5 Spray Calcitonin—salmon | Post-menopausal osteoporosis Pharmaceutical
Corp.
6 Nasa]cromO Nasal Cromolyn sodium Symptomatic prevention aanFlsons. . Corp.
Solution treatment of seasonal or perennidrescription
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rhinitis Products

Prevention and control of polydipsia

Desmopressin Rhone Poulenc

7 DDAVPO Nasal Spray acetate polyurea, and dehydration in patiert]s;.{Orer
with diabetes insipidus
8 Stimate® Nasal Sora Desmopressin Hemophilia A, von Willebrand’'s Rhone Pouleng
PraY| acetate disease (type 1) Rorer
9 Deca}dran Phosphal €Dexamethasone Treat_ment of inflammatory nas ilMerck and Co., Inc.
TurbinaireO conditions or nasal polyps
S Symptomatic prevention and
10 Nasa_lldeo Nasa| Flunisolide treatment of seasonal or perennidoche Laboratories
Solution rhinitis

Allen and

11 FlonaseO Nasal Spray FIutu_:asone 'V'a”ag‘?mef?‘_ . of seasonal ar]?—|anbury's/GIaxo
propionate perennial rhinitis Wellcome Inc

12 Syna_reIO Nasa Nafarelin acetate Central _precocious pubert 'Roche Laboratories
Solution endometriosis
SyntocinonO Nasa| . Promote milk ejection in brea;tSandoz .

13 Oxytocin - Pharmaceutical
Spray feeding mothers Corp

14 NasacortO Nasal Triamcinolone Treatment of seasonal and perenni&hone Poulenc
Inhaler acetonide allergic rhinitis Rorer

Sources: Physicians’ Desk Reference for Nonpresieribrugs, 1994, 18ed., published by Medical Data
Production Company, Montvale, NJ, and Handbookariplescription Drugs, 1993, 1Ged., published by The
American Pharmaceutical Association, Washington, DC

In-vivo method

In this method the drug is directly deposited itbh@ nasal cavity and blood samples are
periodically withdrawn and analyzed. In large arlsnsuch as dogs, sheep, and monkeys the
drug is administered while the animal is under Hre=sa and care should be taken to minimize
the physical loss of the drug due to drainage.

The surgical procedure described by Huang et3&l].if performed on an anesthetized rat (Fig.
4). Since this method utilizes a closed and codfirsystem, the data obtained is very
reproducible and reliable. Furthermore, this mazhel also be used to predict the absorption
profile of the drugs in other species as dogs amdamns.

CONCLUSION

Nasal drug delivery is a promising alternative eoaf drug administration for topical, systemic
and central nervous system action. It has advastegeerms of reduces systemic exposure and
hence side effects and avoiding first-pass metsimolHowever, the intranasal route presents
several limitations which must be overcome to davela successful nasal medicine.
Physiological conditions, physicochemical properté drug and formulation are most important
factors that affect nasal absorption. In futures éxtensive research is necessary to make this
route of delivery more efficient and popular.
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