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ABSTRACT
This paper discusses the theory of mucoadhesion along with various approaches to improve nasal absorption by
the use of mucoadhesive polymers and absorption enhancers. An account of various mucoadhesive polymers is
also given. A note on absorption enhancers has been included. Finally the growing market for nasal drug delivery
is discussed.

INTRODUCTION
Nasal drug delivery for systemic effects has
been practiced since ancient times. In modern pharmaceutics, the nose had been considered primarily as a route for local drug
delivery. The last two decades heralded a
number of advances in pharmaceutical
biotechnology resulting in possibilities for
large-scale productions of biopharmaceuticals especially proteins and peptides. The
inability to administer these drugs by routes
other than parenteral injection motivated
scientists to explore other possibilities such
as pulmonary and nasal administration. The
initial enthusiasm was soon confronted
with disappointing in vivo results showing
poor bioavailabilitiy, typically in the order
of 5–10% for large molecules.1 On the
other hand, very good results were obtained
with small organic molecules, which led
to the successful development of a number of products currently on the market
list of products that is steadily increasing.
Examination of the causes of failure led
to the conclusion that the short residence
time of the formulation within the nasal
cavity coupled to the low permeability of
the latter did play significant roles. Consequently, the attention shifted to the evaluation of mucoadhesive polymers, some
of which would even demonstrate additional permeation-enhancing capabilities.2,3
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The encouraging results and the desire to
overcome some new challenges stimulated
the development of new generations of
polymers based on pH, thermal responsiveness,4 modified existing polymers having
improved bioadhesive or permeationenhancing properties.5,6,7 Even though a
number of challenges are still to be overcome, especially with respect to toxicity, the
potential of nasal drug delivery (NDD),
including the ability to target drugs across
the blood–brain barrier (BBB), are very
high and continues to stimulate academic
and industrial research groups so that we
will keep witnessing increasing number of
advanced nasal drug delivery products. To
optimize nasal administration, bioadhesive
hydrogels, Bioadhesive microspheres (dextran, albumin and degradable starch) and
liposomes have been studied.
ANATOMY
The nasal cavity is divided into two
halves by the nasal septum and extends
posteriorly to the nasopharynx, while the
most anterior part of the nasal cavity, the
nasal vestibule, opens to the face through
the nostril. The atrium is an intermediate
region between the vestibule and the
respiratory region. The respiratory region,
the nasal conchae or turbinates, which
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occupies the major part of the nasal cavity, possesses
lateral walls dividing it into 3 sections: the superior,
middle and inferior nasal turbinate fig 1. These folds
provide the nasal cavity with a very high surface area
compared to its small volume.
The epithelial cells in the nasal vestibule are
stratified, squamous and keratinized with sebaceous
glands. Due to its nature, the nasal vestibule is very
resistant to dehydration and can withstand noxious
environmental substances and limits permeation
of substances. The atrium is a transitional epithelial
region with stratified, squamous cells anteriorly
and pseudostratified columnar cells with microvilli
posteriorly. Pseudostratified columnar epithelial cells
interspersed with goblet cells, seromucus ducts, the
openings of sub epithelial seromucus glands cover
the respiratory region (the turbinates). Furthermore,
many of these cells possess actively beating cilia with
microvilli. Each ciliated cell contains about 100 cilia,
while both ciliated and nonciliated cells possess about
300 microvilli each.8
PHYSIOLOGY
The nasal physiologic functions, such as warming and
humidification, are vital for upper airway function. It has
been estimated that an adult inspires up to 10,000 liters
of air daily.

Nasal breathing is healthy breathing as the air is treated
in many ways by the structures of the nose, paranasal
sinuses and the peculiarities of their lining mucosa.
1. Filtering the air

Filtration of environmental particles occurs first in the
nasal cavity. Nasal mucus traps incoming particulate
matter. The largest particles are filtered by nasal hairs
(vibrissae).
2. Moistening the air

Humidification is another important process of nasal
physiology. The nasal cavity is covered with a highly
vascular mucosa that warms and humidifies incoming
air, increasing the relative humidity to 95% before air
reaches the nasopharynx.
3. Warming the air

Inhaled air must have a temperature between at least
33 and 35 degree Celsius to not cause pathological
reactions at the level of the alveoli. Again, by the
turbulence, the cold air is forced to make contact with
the warm surface of the mucosa and thus heated during
its passage. A number of nasal neurovascular reflexes
occur as well. If needed, underlying capillaries will dilate
and warm up the upper laying mucosa, giving more heat
to the passing air.

Figure 1: Anatomy of Nasal Cavity.
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4. The sense of smell

Nasal aerodynamics also contributes to the olfactory
system. In addition, the active process of sniffing allows
environmental particles to reach the olfactory system
located at the skull base.
Even the smallest particles are detected by the olfactory
receptors, warning us about danger, food, or any other
biologically meaningful sign detectable through the
sense of smell.
5. The nasal cavity as a sound box

The nose and sinuses serve as contributing factors in
voice modification. Authors have noted that nasal
aerodynamics may have a role in modifying highfrequency sounds and consonants. The resonance
created within the nasal cavity is characteristic, similar
to a finger print and for each person is different (except
in identical twins). Nasal pathologies such as polyps or
rhinitis will directly influence the resonance spectrum
and we will”hear“that the person has a cold or something
has changed in his/her voice.9
MUCOADHESION AS A STRATEGY TO
IMPROVE SYSTEMIC DRUG DELIVERY
VIA THE NASAL ROUTE
Several theories have been put forward to explain the
mechanism of polymer-mucus interactions that lead to
mucoadhesion. To start with, the sequential events that
occur during bioadhesion include an intimate contact
between the bioadhesive polymer and the biological
tissue due to proper wetting of the bioadhesive surface
and swelling of the bioadhesive. Following this is the
penetration of the bioadhesive into the tissue crevices,
interpenetration between the mucoadhesive polymer
chains and those of the mucus. Subsequently low
chemical bonds can become operative.10, 11 Hydration of
the polymer plays a very important role in bioadhesion.
There is a critical degree of hydration required for
optimum bioadhesion. If there is incomplete hydration,
the active adhesion sites are not completely liberated
and available for interaction. An alternative approach to
the use of chemical enhancers to improve nasal drug
absorption is to increase the duration of formulation
residence within the nasal cavity. This is achieved by
the use of bioadhesive polymers. Apart from these
synthetic and natural polymers, there is now a new class
of promising compounds, the lectins, often referred
to as second-generation mucoadhesive materials.
These are non-immunogenic proteins or glycoproteins
capable of specific recognition and reversible binding
to carbohydrate moieties of complex glycoconjugates
without altering the covalent nature of any of the
recognized glycosyl ligands. The use of mucoadhesives
26

can solve a number of problems encountered in
controlled drug delivery. It localizes the formulation at
a particular region in the body, thereby improving the
bioavailability of drugs with low bioavailability. The
increased contact time and localization of the drug
due to the strong interaction between the polymer
and mucus is essential for the modification of tissue
permeability. Furthermore, enzymatic activity can be
locally inhibited to improve the bioavailability of drugs
that are subject to enzymatic degradation. This has
been demonstrated for some mucoadhesive polymers
such as Carbopol 934P and polycarbophil that inhibit
the proteolytic enzyme trypsin, which can thus increase
the stability of co-administered Peptides (Leuben
et al. 1994). Some studies have also demonstrated that
mucoadhesive polymers can also directly interact with the
epithelial tight junctions.12 The mucoadhesive polymers
reported in the literature are summarized in Table 1.
The theories and mechanisms of bioadhesion are given
Table 2.13
ADVANTAGES OF MUCOADHESIVE DRUG
DELIVERY SYSTEMS
Mucoadhesive dosage forms have three different advantages when compared to conventional dosage forms
1. These dosage forms are readily localized in the region
applied to improve and enhance the bioavailability
of drugs. Greater bioavailability of piribedit,
testosterone and its esters, vasopressin, dopamine,
insulin was observed from mucoadhesive dosage
forms when compared to conventional dosage
forms.

Table 1: Mucoadhesive Polymers
Polymer

Bioadhesive property

Carboxymethyl cellulose
Carbopol 934
Polycarbophil
Tragacanth
Poly(acrylic acid/divinyl benzene)
Sodium alginate
Hydroxy ethyl cellulose
Gum Karaya
Gelatin
Guar gum
Thermally modified starch
Pectin
Polyvinyl Pyrrolidone
Acacia
Polyethylene glycol
Psyllium
Amberlite-200 resin
Hydroxy propyl cellulose
Chitosan
Hydroxy ethyl methacrylate

3
3
3
3
3
3
3
3
3
2
2
1
1
1
1
1
1
1
1
1

NOTE: 3- Excellent, 2- Fair, 1- Poor.
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Table 2: Theories and Mechanisms of Bioadhesion
Theory
Electronic theory

Wetting theory

Adsorption theory

Mechanism of bioadhesion

Comments

Attractive electrostatic forces between
glycoprotein mucin network and the
bioadhesive material.
Ability of bioadhesive polymer to spread
and develop intimate contact with the
mucous membrane.
Surface force resulting in chemical
bonding.

Electrons transfer occurs between the two
forming a double layer of electric charge at
the surface
Spreading coefficient of polymers must be
positive. Contact angle between polymer and
cells must be near to zero.
Strong primary force: covalent bonds. Weak
secondary forces: hydrogen bonds and van
der Waal’s forces
For maximum diffusion and best adhesive
strength, solubility parameters of the
bioadhesive polymer and the mucus
glycoproteins must be similar
Rough surfaces provide an increased surface
area available for interaction along with an
enhanced viscoelastic and plastic dissipation
of energy during joint failure, which are more
important in the adhesion process than a
mechanical effect.
Does not require physical entanglement of
bioadhesive polymer chains and mucous
strands, hence it is appropriate to study the
bioadhesion of hard polymers which lack
flexible chains

Diffusion theory

Physical entanglement of mucin strands
and flexible polymer chains.

Mechanical theory

Adhesion arises from an interlocking of
liquid adhesive into irregularities on
the rough surface.

Fracture theory

Analyses the maximum tensile stress
developed during attachment of the
transmucosal DDS from the mucosal
surface

2. These dosage forms facilitate intimate contact of the
formulation with the underlying absorption surface.
This allows modification of tissue permeability for
absorption surface. This allows modification of tissue
permeability for absorption of macromolecules, such
as peptides and proteins. Inclusion of penetration
enhancers such as sodium glycholate, sodium
taurocholate and L-lysophosphotidyl choline (LPC)
and protease inhibitors in mucoadhesive dosage
forms resulted in better absorption of peptides and
proteins.
3. Mucoadhesive dosage forms also prolong residence
time of the dosage form at the site of application and
absorption to permit once or twice a day dosing.14

The absorption enhancement mechanisms can be
grouped into two classes:
NASAL ABSORPTION ENHANCERS
Physicochemical effects: Some enhancers can alter the
physicochemical properties of a drug in the formulation.
This can happen by altering the drug solubility, drug
partition coefficient, or by weak ionic interactions with
the drug.
Membrane effects

Many enhancers show their effects by affecting the nasal
mucosa surface.15 Nasal absorption enhancers involve
two main classes. The most important group involve
microspheres, liposome’s and gels that have been utilized
as drug carriers in the past few years. The second group
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012

will be discussed under the heading other penetration
enhancers.
Dextran microspheres

Illum et al. introduced well-characterized bioadhesive
microspheres for prolonging the residence time in
the nasal cavity. The slowest clearance was detected
for DEAE-dextran, where 60% of the delivered
dose was still present at the deposition site after 3 h.16
However, these microspheres were not successful in
promoting insulin absorption in rats. The insulin was
too strongly bound to the DEAE groups to be released
by a solution with an ionic strength corresponding to
physiological conditions. Structural changes due to the
lyophilization process were observed in spheres with
insulin incorporated, which probably further decreased
the release rate.17
Degradable starch microspheres (DSM)

DSM is the most frequently used microsphere system
for nasal drug delivery and has been shown to improve
the absorption of insulin, gentamicin, human growth
hormone, metoclopramide and desmopressin. Insulin
administered in DSM to rats resulted in a rapid dosedependent decrease in blood glucose. DSM as a
delivery system for insulin (2 IU.kg_1) has also been
tested in sheep. The absolute bioavailability was 4.5%
and the time to reach maximum effect, i.e., a 50%
decrease in plasma glucose, was 60 min.18 Studies in
rabbits have demonstrated that DSM does not induce
27
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serious hystopathological changes to the nasal mucosa.
Moreover, the DSM was well tolerated by 15 healthy
volunteers and did not cause significant changes in
mucociliary transport. The effect of starch microspheres
on the absorption enhancing efficiency of various
enhancer systems with insulin after application in the
nasal cavity of the sheep was investigated. The DSM
was shown to synergistically increase the effect of the
absorption enhancers on the transport of the insulin
across the nasal membrane.19
Liposomes

Various routes have delivered liposomes. Alpar et al.
studied the potential adjuvant effect of liposomes on
tetanus toxoid, when delivered via the nasal, oral and i.m.
routes compared to delivery in simple solution in relation
to the development of a non-parenteral immunization
procedure, which stimulates a strong systemic immunity.
They found that tetanus toxoid entrapped in DSPC
liposomes is stable and is taken up intact in the gut. The
permeability of liposome entrapping insulin through
the nasal mucosa of rabbit has been studied and
compared with the permeability of insulin solution with
or without pre-treatment by sodium glycocholate (GC).
A comparison of the insulin solution and liposome
suspension showed that the liposome had permeated more
effectively after pre-treatment by GC. The relationship
between the rigidity of the liposomal membrane and
the absorption of insulin after nasal administration of
liposomes modified with an enhancer containing insulin
was investigated in rabbits. The nasal administration
to rabbits showed high fluidity at 37°C, caused a high
serum glucose reduction, and the reduction effect lasted
for 8 h. The loading and leakage characteristics of the
desmopressin-containing liposomes and the effect
of liposomes on the nasal mucosa permeation were
investigated. The increase of permeability antidiuresis
of desmopressin through the nasal mucosa occured in the
order positively charged liposomes > negatively charged
liposomes > solution. The potential of liposomes as an
intranasal dosage formulation or topical application of
5 (6)-carboxyfluorescein (CF) was investigated in rats. CF
was rapidly absorbed into the systemic circulation and
no adhesion of CF to the nasal mucosa was observed.
Liposomes suppress drug absorption into the systemic
circulation and concurrently increase drug retention in
the nasal cavity.20
Gels

Chitin and chitosan have been suggested for use as
vehicles for the sustained release of drugs. Indomethacin
and papaverine hydrochloride were used as model drugs
in gel formulations. It was reported that chitin was able
to control the release of the active agents from gel
28

formulation as compared to the powder formulation.
A similar study done later by Lehr et al. showed that
cationic polymer chitosan was fairly mucoadhesive in
comparison to polycarbophil as a reference substance.
They suggested that a strict distinction should be made
between mucoadhesive of dry polymers on a wet tissue
in air and mucoadhesion of a swollen hydro gel in the
presence of a third liquid phase.21 Nasal absorption of
nifedipine from gel preparations, PEG 400, aqueous
carbopol gel and carbopol-PEG has been studied in
rats. Nasal administration of nifedipine in PEG resulted
in rapid absorption and high Cmax; however, the
elimination of nifedipine from plasma was very rapid.
The plasma concentration of nifedipine after nasal
administration in aqueous carbopol gel formulation was
very low. The use of PEG 400 in high concentration
in humans should be considered carefully because PEG
400 is known to cause nasal irritation in concentrations
higher than 10%.22
OTHER PENETRATION ENHANCERS
Cyclodextrin

Several compounds have been investigated for their
nasal absorption enhancement potential using cyclodextrins as the optimisers. The most studied types are:
cyclodextrins cyclodextrin-cyclodextrin methylcyclodextrin and Hydroxypropyl-cyclodextrin. Only cyclodextrin is a compendial substance and is being considered
forGRAS (generally recognized as safe) status. Merkus
et al. reported a study, which investigated the effects of
a dimethyl-cyclodextrin (DM-CD) powder formulation on intranasal insulin absorption in healthy subjects
and patients with insulin-dependent diabetes mellitus
(IDDM). Mean absolute bioavailabilities of 3.1% and
5.1% were achieved in healthy subjects and diabetics,
respectively.23
Fusidic acid derivatives

Sodium tauro-24, 25-dihydrofusidate (STDHF) is the
most extensively studied among the derivatives of
fusidic acid. On the basis of its characteristics STDHF
was considered a good candidate for the transnasal
delivery of drugs such as insulin, growth hormone and
octreotide. Lee et al. determined the radioimmunoactive
bioavailability of intranasal salmon calcitonin in
10 healthy human volunteers. The improved nasal
absorption of calcitonin in the presence of STDHF
showed a limited transient irritation of the nasal mucosa
in some subjects. Hedin et al. studied the intranasal
administration of human growth hormone (hGH)
in combination with STDHF at 1% concentration
in patients with hGH deficiency. They found that in
combination with STDHF, the plasma peak of hGH
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012
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was similar to the endogenous peak. Laursen et al. used a
formulation approach in determining the absorption of
growth hormone in human subjects using didecanoylL-phosphotidylcholine (DDPC) as an enhancer with
different concentrations: 0, 4, 8, and 16%. They
concluded that increasing the relative concentration of
DDPC increases the absorption of nasally administered
hGH. Drejer et al. studied intranasal administration of
insulin with DDPC in healthy human volunteers. They
found that intranasal insulin was absorbed in a dose
dependent manner with slight or no nasal irritation.24
Phosphatidylcholines (PC)

Phosphatidylcholines are surface-active ampiphilic
compounds produced in biological membranes and
liposomes. Several reports have appeared in the
literature showing that these phospholipids can be used
as enhancers for systemic nasal drug delivery. Newman
et al. investigated the distribution of a nasal insulin
formulation containing DDPC labelled with 99m
Tc-human serum albumin (99m Tc-HAS) in human
volunteers. From the scintigraphic data, the entire dose
from the spray was shown to be deposited in the nasal
cavity with no deposition in the lungs.
The Novo Nordisk study group reported encouraging
results following the nasal administration of an insulin/
DDPC microemulsion formulation in human volunteers.
The study demonstrated good absorption of insulin
whilst preventing or minimizing nasal irritation.
Bile salts and surfactants

Commonly used salts are sodium cholate sodium
deoxy cholate, sodium glycocholate (GC), sodium
taurocholate (TC), sodium taurodeoxycholate (TDC),
and sodiumglycodeoxycholate (GDC). Several studies
indicate that bile salts can be good optimisers in nasal
drug products, there are some reports indicating that
bile salts cause nasal irritation when used above a
concentration of 0.3%. Yokosuka and co-workers
reported a study in which healthy volunteers are dosed
nasally with solution formulation containing insulin
and 1%sodiumglycocholate. Significant decreases in
serum glucose concentrations were observed and
there was a positive correlation between the peak
serum insulin levels and the dose of insulin applied.
Hirata et al. investigated the efficacy of nasal insulin
formulation containing 1% SGC in healthy volunteers
and diabetic patients. The nasal formulation resulted in
rapid increases in serum insulin levels and decreases in
blood glucose levels in healthy volunteers and diabetics.
Moses and colleagues showed that co administration
of 1% sodium deoxycholate (SDC) enhanced the
intranasal absorption of insulin administered to
human volunteers. High inter-subject variability was
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012

observed. Frauman compared the effects of intranasal
and subcutaneous insulin on fasting and post-prandial
blood insulin and glucose concentrations in non-obese
patients with non-insulin-dependent diabetes mellitus
(NIDDM). A nasal solution formulation of insulin
and 1% SGC, administered as a spray, resulted in a
monophasic increase in serum insulin levels. Salzman
et al. investigated the efficacy of 1% laureth-9 in
enhancing the nasal absorption of insulin in patients
with IDDM and non-diabetic controls. Insulin was
shown to be rapidly absorbed via the nasal route
lowering plasma glucose levels to 50% of basal values
after 45 min in normal subjects compared to 50% in
120 min in diabetics. Paquot et al. investigated the
metabolic and hormonal consequences of an intranasal
insulin formulation administration containing 0.25%
laureth-9 in healthy volunteers. Increase in plasma insulin
levels from 5 to 38 mU.I–1 at 15 min with decreases in
blood glucose concentration from 4.4 to 3.2 mmol.I–1
at 45 min.

DRUG ABSORPTION
The first step in the absorption of drugs from the nasal
cavity is passage through the mucus. Small, uncharged
particles easily pass through this layer. However,
larger or charged particles may find it more difficult to
cross. Mucin, the principal protein in the mucus, has
the potential to bind to solutes, hindering diffusion.
Additionally, structural changes in the mucus layer
are possible as a result of environmental changes (i.e.,
pH, temperature, etc)25 Subsequent to a drug’s passage
through the mucus, there are several mechanisms for
absorption through the mucosa.26 These include
1. Paracellular Transport Mechanism-It mainly uses
an aqueous mode of transport. Usually the drug
passes through the tight junctions and the open
clefts of the epithelial cells present in the nasal
mucosa. It is a relatively passive mode of transport.
Of Compounds, which are highly hydrophilic in
nature and/or low molecular are most appropriate
for paracellular transport.
2. Transcellular Transport Mechanism-It mainly
encompasses transport via a lipodal route. Small
lipophilc compounds or larger molecules are usually
transported by this route. The transport across nasal
mucosa is mainly a function of lipophilc nature of
the drug.27

FORMULATION ISSUES
Nasal drug absorption is affected by molecular weight,
particle size, formulation pH, pKa of molecule, and
delivery volume among other formulation characteristics.
29
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Molecular weight still presents the best correlation to
absorption.28 The apparent cut-off point for molecular
weight is approximately 1,000, with molecules less than
1,000 having better absorption. Shape is also important.
Linear molecules have lower absorption than cyclicshaped molecules. Additionally, particles should be larger
than 10 mm, otherwise the drug may be deposited in the
lungs.29 Hydrophilicity has also been found to decrease
drug bioavailability.30
Another formulation factor important for absorption
is pH. Both the pH of the nasal cavity and pKa of
a particular drug need to be considered to optimize
systemic absorption. Nasal irritation is minimized
when products are delivered with a pH range of
4.5 to 6.5. Also, volume and concentration are
important to consider. The delivery volume is limited
by the size of the nasal cavity. An upper limit of
25 mg/dose and a volume of 25 to 150mL/nostril has
been suggested.31
FDA requirements state all nasal drug products sold
in the United States are to be manufactured as sterile
or preserved products. Depending on the drug and/or
formulation characteristics, sterility may be accomplished
via aseptic filling processes, terminal sterilization, or both.
Sterility must also be maintained throughout a product’s
shelf life. Unit-dose delivery systems or specialized
multidose delivery systems may be used to ensure
continued product sterility. Alternatively, preservatives
may be added to prevent bacterial growth. The most
commonly used preservative in nasal formulations has
been benzalkonium chloride.32 However, adverse events,
such as mucosal swelling, irritation, and ciliostastis, are
associated with its use.
Intranasal vaccine administration has also become
a prevalent area of research. One of the major
formulation challenges for nasal vaccination has been
the development of an appropriate adjuvant to stimulate
desirable immune responses. Some examples of
investigational adjuvants include microparticles, genetic
manipulations of Vibrio cholerae and Escherichia
coli toxins, and CpG oligodeoxynucleotides. The
use of adjuvants is especially important for vaccines
composed of recombinant subunits, synthetic peptides,
and plasmid DNA. For instance, when hepatitis B
surface antigen was given alone to mice, little or no
immunogenicity was observed. However, when given
with CpG or cholera toxin, good immunological
responses were achieved.33
Drugs have been delivered to the nasal cavity in a variety
of formulations, including powders, topical gels, sprays,
drops, and pledgets. As reviewed elsewhere by Behl et al.,
the dosage form should reflect the intended therapeutic
use, offer easy administration, and provide chemical
stability for the drug.34
30

With any formulation for intranasal delivery,
interference with normal physiologic processes should
be avoided. The nose is an important defense system
for environmental hazards. Disruption of its normal
physiology or clearance processes may leave a patient
vulnerable to a variety of hosts. Also, formulations
should be designed with patient comfort and acceptance
in mind. Some drugs and excipients have been found
to cause temporary discomfort upon instillation. This
could potentially decrease patient compliance, especially
when chronic administration is indicated.35–38
NASAL DELIVERY OF VACCINES
Almost all viral, bacterial and parasitic agents causing
common infectious diseases of the intestinal, respiratory
and genital tract enter and infect through the large
surface area made available by mucosal membranes.
The nasal mucosa is an important arm of the mucosal
immune system since it is often the first point of contact
for inhaled antigens and as a consequence, intranasal
immunisation has emerged as possibly the most effective
route for vaccination for both peripheral and mucosal
immunity.
Recently, Partidos has considered the challenges for
intranasal vaccines. He has listed several reasons why the
nose is an attractive route for immunisation.
• Easily accessible.
• Highly vascularized.
• Presence of numerous microvilli covering the nasal
epithelium generates a large absorption
• Surface.
• After intranasal immunisation, both mucosal and
systemic immune responses can be induced.
• Immune response can be induced at distant mucosal
sites owing to the dissemination of effector immune
cells in the common mucosal immune system.
• The nose can be used for the easy immunization of
large population groups.
• Nasal immunisation does not require needles and
syringes, which are potential sources of infection.39

The utility of intranasal administration for a variety of
clinical applications to include largely the prophylaxis
of disease. Other uses of nasal vaccination have been
reported. For example, Weiner et al. have suggested a
novel mucosal immunlogical approach to Alzheimer’s
disease. Nasal administration of amyloid-beta peptide
decreased cerebral amyloid burden in a mouse model of
the disease. Recently, live attenuated; cold adapted viral
vaccines have been developed as alternatives to inactivated
vaccines. For example, by growing the influenza virus
at 25ºC for long periods or using genetic reassortment
methods, it is possible to produce an organism that will
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012

Twarita Deshpande et al.: Nasal Drug Delivery-A Review

replicate efficiently at 25–28ºC (the temperature of the
nasal passage) but not at 37ºC (the temperature of the
lungs). Clinical studies on live attenuated virus vaccines
have been well reviewed by Wiselka and Keitel and
Piedra. One major goal of intranasal vaccination with
a replicating virus is to induce secretory and systemic
immune responses that more closely resemble those
provided by the natural infection.
BRAIN TARGETING THROUGH NASAL ROUTE
For some time the Blood Brain Barrier has impeded the
development of many potentially interesting CNS drug
candidates due to their poor distribution into the CNS.
The Blood Brain Barrier is a system of layers of cells at
the cerebral capillary endothelium, the choroids plexus
epithelium, and the arachnoid memberanes, which
are connected by tight junctions and which together
separate the brain and the cerebrospinal fluid from
blood.40 Owing to the uniqueness of the nose and
the CNS, the intranasal route can deliver therapeutic
agents to the brain bypassing the Blood brain Barrier.41
Absorption of drug across the olfactory region of the
nose connection provides a unique feature and superior
option to target drugs to brain. When administered
nasally to the rat, some drugs resulted in CSF and
olfactory bulb drug levels considerably higher than
those following intravenous administration.42 Evidence
of nose to brain transport has been reported by many
scientists. Many previously abandoned potent CNS
drug candidates promise to become successful CNS
therapeutic drugs via intranasal delivery. Recently,
several nasal formulations, such as ergotamine
(Novartis), sumatriptan (GlaxoSmith-Kline), and
zolmitriptan (AstraZeneca) have been marketed to treat
migraine. Scientists have also focused their research
toward intranasal administration for drug delivery to
the brain, especially for the treatment of diseases, such
as, epilepsy, migraine, emesis, depression and erectile
dysfunction.43,44 Intranasal delivery does not require
any modification of the therapeutic agents and does
not require that drugs be coupled with any carrier.
A wide variety of therapeutic agents, including both
small molecules and macromolecules can be successfully
delivered to the CNS via intranasal method.45
ADMINISTRATION DEVICE
Drug therapy requires that administration of the dosage
form be accurate and very reproducible, which therefore
places stringent, demands on the device for nasal drug
delivery. The major mechanism of nasal deposition of
particles is by inertial impaction that occurs following a
change in the direction of airflow. Other contributory
mechanisms are gravitational sedimentation and
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012

Brownian diffusion. Particle deposition by interception
and electrostatic precipitation are of no importance in
nasal deposition (Kublik & Vidgren 1998). Depending
on the type of formulation, a variety of devices have
been used to deliver drugs intranasally. Devices for liquid
formulations include instillation catheter, droppers,
unit-dose containers, squeezed bottle, pump sprays,
airless and preservative-free sprays, compressed air
nebulizers and metered-dose inhalers (MDIs). Devices
for powder dosage forms include insufflators, singledose and multi-dose powder inhalers and pressurized
MDI. Delivery devices are also available for nasal gels
(Kublik & Vidgren 1998). Squeeze bottle delivery
is another option for nasal drug delivery. However
this technique is not able to deliver a measured dose
of drug.
Their angle of insertion into the nostril can influence
the part of the nasal cavity that the formulation
comes in contact with initially and as such the overall
deposition pattern. Metered-dose nebulizers and
metered-dose aerosols are superior to other devices in
terms of accuracy and reproducibility (Dondeti 1996).
1985). The particle size of aerosols is very important
with regard to deposition. Particles greater than 10 ml
are deposited within the upper respiratory tract, those
less than 5 ml are inhaled, and those less than 0.5 ml
are exhaled (Sciarra & Cutie 1990; Sanders et al 1997).
A brief description of various intranasal devices is given
as follows Figure 2–8.
1. Caprujet of midazolam–This is a prepackaged
midazolam in 5mg/ml dosing. It is indicated for
treatment of persistent seizure activity. In situations
where the entire volume might not be appropriate,
the syringe can have a indelible mark made by the
clinician or pharmacist at appropriate dosage so the
parent knows how much to give.
2. Direct-Haler powdered Drug Nasal Delivery–This
system enables nasal delivery of fine particles for
improved absorption and targeted delivery. Prevents
risk of pulmonary deposition. Prevents risk of
immediate dose swallowing, reduces taste impact
from nasal use.
3. Mucosal Atomization Device(MAD)–Delivers
intranasal medication in a fine mist which enhances
absorption and improves bioavailability for fast and
effective drug delivery.
4. Via Nose Electronic Atomizer–This atomizer
creates tiny, Powerful vortices of aerosolized particles,
thus delivering medication more effectively to the
user. This device has a small LCD screen which is
used to specify dose.
5. BDA Accuspray Nasal Spray System–It is a
single use, prefillable vaccine delivery system which
dispenses a precise dose of flu vaccine intranasally in
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Figure 2: Nasal Delivery Dosage Forms and Devices.

Regardless of the method chosen to deliver a nasal
medication, several suggestions are worth mentioning:

Figure 3: Caprujet of Midazolam.

the form of a fine mist. Recommended for healthy
individuals in the age group of 5–49.
6. Optinose–This device is based on the concept of
a bi-directional nasal drug delivery device. Recently
optinose received positive results from their phase
II clinical studies for chronic rhinosinusitis and
migraine therapies.
32

• Use a highly concentrated form of the medication to
reduce volume and therefore reduce runoff. 1/4 to
1/3 ml per nostril would be preferred. 1/2 to 1 ml per
nostril is tolerable but there will be some loss as the
volume increases. More than one ml per nostril per
dose should likely be split and delivered over several
cycles separated by 10–15 minutes.
• Always use a method that allows the delivery of a
measured dose (syringe or unit dose pump).
• Use a method that fragments the medication into
fine particles so the maximal nasal mucosal surface
is covered and minimal volume runs out the nose or
into the throat (atomizer for liquid, powder needs to
be well distributed).
• Utilize both nostrils to double the surface area for
absorption and halve the volume delivered per
nostril.
• Be knowledgeable of the “dead space” within the
delivery device and account for this dead space when
calculating the volume you will deliver to the patient.
Considerations Regarding Device Selection

When selecting a device for nasal administration, it
must be considered, that the administration volume
is comparable low. For liquids, a volume of 100μl is
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012
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Figure 4: Direct-Haler Powdered Drug Nasal Delivery.

Figure 5: Mucosal Atomization Device (MAD).
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012
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Figure 6: Via Nase Electronic Atomizer.

Figure 7: BDA Accuspray Nasal Spray System
34
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Figure 8: OptiNose.

optimum per nostrils in a adults, but should be reduced
for children to avoid nasal dripping. Single dose devices
will give best protection for vaccines, but require
highly sophisticated filling technology. Multi-dose
spray pumps are option for liquid vaccines, if an in use
microbial contamination of the bottle content can be
prevented.46
ADVANTAGES OF NASAL DELIVERY
Intranasal delivery is a needle-free, patient-friendly
administration route. Because needles are not involved,
this method of drug delivery is virtually painless. For
patients who fear injections, intranasal administration
offers a more acceptable alternative. Additionally,
the simplicity of nasal delivery would allow for selfadministration in a home setting. In general, for patients,
the intranasal dosage form provides comfortable, non
threatening, less invasive therapy. This may be especially
important in younger patient populations.
Another major benefit of intranasal administration, in
contrast to injectables, is that it does not contribute to
biohazardous waste. When the drug has been delivered
intranasally, the administration device may be disposed
of in the normal garbage. There is no need for special
waste containers. Again, this delivery method does not
RGUHS J Pharm Sci | Vol 2 | Issue 1 | Jan–Mar, 2012

require needles. Hence risk of accidental sticks is not a
concern.
From a pharmacokinetic standpoint, absorption is
rapid, which should provide a faster onset of action
compared to oral and intramuscular administration.
Hepatic first-pass metabolism is also avoided, allowing
increased, reliable bioavailability. In this regard, good
drug candidates for intranasal delivery are those that
undergo extensive first-pass metabolism, display erratic
absorption, or require quick therapeutic onset.
Lastly, patent life of a particular product may be
extended via development of an alternative dosage form,
providing companies the opportunity to maintain their
market share. So from a drug development perspective,
intranasal delivery should stimulate favorable profit
outcomes.47
GROWING MARKET FOR NASAL DRUG DELIVERY
Pharmaceutical companies have looked increasingly
towards drug delivery companies for help in lifecycle
management of drugs on the market and with promising
yet hard-to-deliver drugs. The drug delivery market
is currently valued at US$50 billion (or 12.5% of the
global pharmaceutical market) and is expected to reach
US$100 billion by 2005.1 Nasal delivery commands the
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fourth position in market share, with about US$3 billion
in sales, following oral controlled release, pulmonary and
parenteral delivery routes. However, the potential for
growth in this sector is extensive, pending the successful
delivery of proteins and peptides as an alternative to
parenteral delivery. Currently, many nasal drug products
on the market are indicated for the treatment of
local disease such as allergic rhinitis. However, this is
likely to change soon. There are a number of nasally
delivered, systemically acting drugs on the market
in different therapeutic categories, with a growing
number of products in the pipeline. There are many
reasons for this change, including improved patient
compliance (elimination of needles), avoidance of firstpass metabolism and rapid onset of action. Migraine is
a key area where a nasal system (Imitrex® nasal spray,
GlaxoSmithKline) has provided rapid relief, avoidance
of taking an oral formulation while nauseated, and
pain-free administration circumventing the need for an
injection. Other therapeutic areas where nasal delivery
could provide an alternative to current dosage forms
are crisis situations (seizure and heart attack), erectile
dysfunction, pain management, motion sickness and
psychotropic drugs. Although the market share for nasal
delivery may never take the number one spot enjoyed by
oral controlled release, it remains a drug delivery route
with an enormous potential for growth.
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