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Abstract. – The aim of this paper is to re-
view mechanisms and solutions for nasal drug 
delivery.

Literature survey was performed via PubMed, 
Google Scholar, Google, and ProQuest Central 
database of Kirikkale University.

The nasal lining presents a large area of en-
dothelium of variable permeability and with a 
rich vascular supply. Advantages of this route 
include eliminating first-pass metabolism and 
being easily accessible. The nasal route en-
ables some agents which are otherwise difficult 
to administer to enter the systemic circulation, 
for example, low molecular mass compounds 
with high polarity, peptides, or proteins. There 
are three principal factors that influence the ex-
tent to which drugs can be absorbed through 
the nasal lining, namely the physico-chemi-
cal characteristics of the drug molecule itself, 
the action of the mucociliary system within the 
nose, and the presence of any factors increas-
ing nasal absorption. A key factor limiting the 
use of the intranasal route of administration is 
insufficient absorption through the nasal mu-
cosa.

A number of drugs in development cannot 
be administered intranasally because their bio-
availability following nasal administration is too 
low. There has been considerable research fo-
cus on methods to enhance absorption via the 

nasal mucosa. In this chapter, we review the lit-
erature related to this problem and discuss po-
tential solutions.
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Introduction

The delivery of drugs via the nose is some-
times used for agents that can otherwise only be 
delivered intravenously. The nasal lining presents 
a large area of endothelium of variable permea-
bility and with a rich vascular supply. Advantages 
of this route include eliminating first-pass metab-
olism and being easily accessible. There is rapid 
absorption of medications administered intrana-
sally which allows for rapid systemic bioavail-
ability to occur. This chapter addresses several 
different methods for improving the duration over 
which medications remain in contact with the na-
sal mucosa, thereby increasing the bioavailability 
of these agents1.
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The nasal route enables some agents which 
are otherwise difficult to administer to enter the 
systemic circulation, for example, low molecular 
mass compounds with high polarity, peptides, or 
proteins. This route is even suitable for the high 
molecular weight proteins or polysaccharides 
which are components of vaccinations, including 
the DNA plasmids utilised in vaccines based on 
DNA2.

Use of the nose for delivery of medications 
goes back several hundred years. The respiratory 
tract is a key interface between the body and the 
surrounding environment. As such, it represents 
a potential portal of entry for pathogens, either 
bacterial or viral, but also an alternative route of 
administration for pharmacotherapeutic agents. 
Within the 20th century, intranasal medications 
were essentially confined to topical agents used 
in the treatment of seasonal allergic rhinitis or up-
per respiratory tract infections. However, within 
the last 20 years, intranasal delivery has achieved 
more prominence as a way of administering sys-
temically agents to treat a wider variety of con-
ditions, for example circulatory disorders. It was 
not until 1991 that the first agent used in treatment 
of a neurological disorder was administered via 
the nasal route. At that time, a patent was applied 
for by William Frey II for a method to transport 
medications to the central nervous system via the 
nasal route3. This development sparked increas-
ing enthusiasm for intranasal administration of 
drugs generally, but especially in the rapidly de-
veloping area of nose-to-brain delivery (NTB). 
The greatest advantage of NTB agents is that they 
more readily enter the central nervous system 
than when the intravenous route is used, since 
they effectively bypass the blood-brain barrier. 
Conventional methods of delivering agents to the 
central nervous system are invasive, but NTB de-
livery is a non-invasive method for drugs to enter 
the CNS. This is achieved through their penetrat-
ing the olfactory or fifth cranial nerve. Different 
pharmaceutical formulations involve different 
ways for the agent to be absorbed, both into cells 
and via the extracellular matrix. The agent passes 
from the nasal interior into the more central por-
tions of the central nervous system. Design of an 
appropriate pharmaceutical formulation needs to 
take into account the degree to which the agent is 
absorbed into the systemic vasculature, lymphat-
ics and/or the cerebrospinal fluid. Biological treat-
ments have already been developed for a number 
of specific neurological conditions, whilst some 
disorders still lack an effective therapeutic biolog-

ical agent. A common feature of these biologics 
is the promise of superior clinical efficacy and 
diminished adverse effects in comparison with 
agents in current licensed usage for systemic de-
livery. Furthermore, a more efficient route of ad-
ministration should allow lower doses than those 
currently employed to be effective. Although 
several pharmaceutical formulations delivered by 
the nose do currently exist, using this route for 
the treatment of neurological disorders is an area 
which continues to present many difficulties4.

Factors Affecting the Absorption of 
Medications through the Nasal Lining

There are three principal factors that influence 
the extent to which drugs can be absorbed through 
the nasal lining, namely the physico-chemical 
characteristics of the drug molecule itself, the ac-
tion of the mucociliary system within the nose, 
and the presence of any factors increasing nasal 
absorption. A key factor limiting the use of the 
intranasal route of administration is insufficient 
absorption through the nasal mucosa. A number 
of drugs in development cannot be administered 
intranasally because their bioavailability follow-
ing nasal administration is too low. There has 
been considerable research focus on methods to 
enhance absorption via the nasal mucosa. In this 
research, we review the literature related to this 
problem and discuss potential solutions.

Literature survey was performed via PubMed, 
Google Scholar, Google, and ProQuest Central 
database of Kırıkkale University.

Physicochemical Characteristics 
of Medications

A number of different physicochemical pa-
rameters influence the speed and degree to 
which drugs may be absorbed. These parame-
ters include the partition coefficient of the med-
ication between the aqueous and lipid compart-
ments of the body, pKa, the molecular mass of 
the agent, the rate of perfusion, the volume of 
perfusate, the acidity of the solution and the con-
centration of the agent5. For drug molecules, the 
mass of which is below 300 Daltons, the phys-
icochemical characteristics of the drug do not 
meaningfully affect the extent to which it can 
be absorbed6. However, the molecular mass, ex-
pressed logarithmically, does usually correlate 
directly with the degree of nasal absorption, also 
expressed logarithmically7.
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Clearance by the Mucociliary System
Mucus acts as a trap for small particles with-

in the nose and, as the mucus is cleared by the 
mucociliary mechanism, these particles are also 
removed from the interior of the nose. The cilia 
and mucus act together to provide this protective 
mechanism. In this way, potentially harmful in-
haled particles can be removed without the need 
for specific recognition8. The time between a par-
ticle being captured by the mucus layer and re-
moved from the nose is reported in the literature 
as between 12 and 15 minutes9. There are a num-
ber of different factors which can influence the 
extent and rate of mucociliary clearance. These 
factors include age, gender, the sleeping condition 
whether asleep or awake10 and at rest or exercis-
ing11. Furthermore, atmospheric pollution, such as 
sulphur dioxide, sulfuric acid, nitrogen, hairspray 
or cigarette smoke, affects mucociliary clearance, 
as does the presence of specific disorders, nota-
bly those affecting the motility of the cilia, such 
as primary ciliary dyskinesia (e.g., Kartagener 
Syndrome), asthma, bronchiectasis, chronic bron-
chitis, cystic fibrosis or acute infections of the re-
spiratory system12. Medications13 and some food 
additives2,14 also affect mucociliary function.

Barriers Preventing the 
Absorption of Medications

In order for a medication to be absorbed, the 
first stage is for the active component within the 
formulation, i.e. the drug itself, to be transport-
ed to the initial barrier. Respiratory drugs need 
to reach the lining epithelium of the airway be-
fore they can be absorbed. Following absorption, 
drugs undergo metabolism before they are final-
ly cleared from the body. For absorption of an 
active drug to occur in a satisfactory manner, it 
may need to be formulated in such a way that it 
is released variably as it passes across several dif-
ferent barriers in the body. Some of the barriers 
which respiratory drugs must overcome are the 
mucus layer, the epithelium, the basement mem-
brane and connective tissues and the endothelial 
lining of the capillaries15.

The initial obstacle is the mucus layer. A drug 
that reaches the mucus layer must either dissolve in 
it or cross the mucus before it can be broken down 
by proteolytic enzymes in the mucus or physi-
cally removed by the mucociliary system. Since 
mucociliary clearance occurs within a few min-
utes, any addition to the formulation which aims 

to increase barrier permeability and thereby the 
bioavailability of the drug, must must act quickly. 
Techniques developed to assist with drug transit 
across the mucus layer need to take into account 
how thick this layer is and how rapidly clearance 
occurs. Within the pulmonary tissues, the mucus 
lining the lumina is between 5 and 10 microns in 
depth16. There is also, deep to the mucus, another 
layer with lower viscoelasticity, termed the peri-
ciliary liquid. This liquid coats the cilia and adds 
a further 5 to 10 microns of depth to the initial 
barrier16. Research17,18 using confocal fluorescence 
microscopic techniques has ascertained that the 
mucous depth may vary from 5 to 55 microns. In 
comparison with lower portions of the respiratory 
tract, the nose is lined by a relatively thin layer of 
mucus and this layer has both greater permeability 
and is more readily accessed than elsewhere in the 
tract19. Within the nose, any particles trapped in 
mucus flow at a rate of around 5 millimeters each 
minute. The entire mucus layer is replaced within 
intervals of around 20 minutes20,21.

After the mucus layer, intranasally adminis-
tered drugs must transit the outer plasma mem-
brane of the epithelial cells. The epithelium is of 
pseudostratified type. The cells have a columnar 
morphology and are tightly bound to each other 
by intercellular zonulae occludentes. Absorp-
tion of the majority of drugs occurs by diffusion 
across the outer plasma membrane of the mucosal 
cells. Lipophilic drug molecules of low molecu-
lar weight diffuse across the plasma membrane 
due to the concentration gradient alone, howev-
er, non-lipophilic drugs typically can only cross 
the membrane through specific transport chan-
nels. Drugs of high molecular weight which are 
polarized can undergo absorption by paracellular 
transfer, in which case they must be able to get 
past the intercellular junction proteins15.

Absorption Enhancers

Absorption enhancers are additional ingredi-
ents in pharmaceutical formulations, the purpose 
of which is to facilitate increased passage of the 
agent past barriers to absorption. Research22 into 
absorption enhancers dates back a long time and 
has been applied to agents which are typically 
blocked by barriers, such as peptides or biolog-
icals. Ideally, an absorption enhancing excipient 
should prevent the active ingredient being mod-
ified enzymatically and facilitate rapid passage 
across the barrier for the specific agent15.
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The key absorption enhancers under current 
development include four different types: (a) sur-
face active agents (surfactants), (b) cyclodextrins, 
(c) protease inhibitors, (d) cationic polymers, and 
(e) tight junction modulators15.

Surface Active Agents
Surface active agents contain both a hydro-

philic and hydrophobic portion, i.e., they are 
amphiphilic. Surface active agents are employed 
in the lungs for a range of pharmacotherapeutic 
objectives, not merely to increase absorption23. 
These excipients may improve absorption through 
various mechanisms, such as causing membrane 
proteins to be lost from the cell outer membrane, 
loosening of intercellular adhesion complexes, or 
preventing the action of degradative enzymes that 
would otherwise inactivate the drug24. Surface 
active agents have been most extensively inves-
tigated for agents given by mouth. Nonetheless, a 
small literature exists for surfactants employed in 
increasing absorption across nasal or pulmonary 
membranes. There are five classes of surface-ac-
tive agents with the ability to increase absorption, 
namely phospholipids25, bile acids (including so-
dium taurocholate)26, non-ionic compounds24, the 
salts of aliphatic acids27 and alkyl glycosides, such 
as tetradecylmaltoside or N-lauryl-β-D-maltopy-
ranoside15,28. 

Enzyme Inhibitors
The liquid and mucus that coats the lumen of 

the air passages is rich in various enzymes, in par-
ticular proteases and nucleases. These enzymes 
can inactivate drugs, preventing absorption29. Most 
of the enzymes present are either serine proteases 
or aminopeptidases. Their ubiquity in pulmonary 
tissues presents a major obstacle to active agents 
entering the lining cells of the airways. In partic-
ular, these enzymes are highly efficient at degra-
dation of peptides, proteins or nucleic acids, all 
of which may be used as therapeutic agents. This 
situation may call for an excipient with the abil-
ity to inhibit enzymatic attack to be included in 
formulations to aid absorption. There have been 
several excipients studied within the last ten years 
that can prevent proteolysis by proteases and have 
been added to formulations of nasal or pulmonary 
medications. These include nafamostat mesilate30, 
aprotinin31, bacitracin32, soybean trypsin inhibi-
tor32, phosphoramidon33, leupeptin34, and besta-
tin35. One study31,32 used a rat model for pulmonary 
drug delivery to evaluate absorption enhancers 
added to formulations of insulin and eel calcitonin. 

This study looked at compounds capable of in-
hibiting proteases (aprotinin, bacitracin, and soy-
bean trypsin) acting together with other types of 
absorption enhancer, namely sodium glycocholate, 
linoleic acid-surfactant mixed micelles, and N-lau-
ryl-β-D-maltopyranoside. 

Cationic Polymers Acting as Absorption 
Enhancers

Cationic polymeric molecules contain posi-
tively charged moieties, either as part of the main 
chain or on side chains36. This type of molecule 
can increase the degree to which macromolecular 
drugs are absorbed37. Examples of cationic poly-
mers used in this way are positively charged gel-
atines, pullulans, poly-L-arginine, poly(iminoeth-
ylene) and chitosan. These absorption enhancers 
act on the mucosal surface, causing alterations in 
the intercellular adhesion molecules and allowing 
high molecular weight, hydrophilic molecules to 
cross the barrier. Insulin, for example, is nega-
tively charged in a neutral environment, where it 
interacts with the positively charged absorption 
enhancers and thereby is more readily absorbed. 
When insulin interacts to a moderate extent with 
the cationic polymer, this allows the hormone to 
approach the plasma membrane. If there is too 
much interaction, however, insulin is actually less 
likely to be absorbed. Poly(iminoethylene) is a 
positively charged, highly hydrophilic molecule 
which appears promising as an absorption en-
hancer for intranasally administered drugs. In a 
rat model, the absorption of extraneous insulin by 
the lung was enhanced by poly(iminoethylene). 
Since there was a linear correlation between the 
charge on the molecule and the degree of absorp-
tion, it appears that electrostatic interactions play 
a key role in how it exerts this useful effect15,38.

Tight Junction Modulators
The intercellular spaces in epithelia are closed 

off by tight junctions (zonulae occludentes). Para-
cellular absorption of drugs can be enhanced by 
modifying the zonula occludens. This route, how-
ever, can only be effectively utilised where a mol-
ecule is of moderate molecular weight and does 
not exceed 11Å in radius. A low bioavailability is 
a feature common to many water-soluble medica-
tions of low molecular mass, or those consisting 
of peptides or proteins. The paracellular route of 
absorption has been demonstrated to occur in cer-
tain peptide medications, in particular octreotide, 
desmopressin and thyrotropin-releasing hormone, 
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with zonulae occludentes controlling how this 
may occur39. Tight junction modulators possess 
high potency for loosening zonulae occludentes, 
including the claudins and occludin. They are, 
in fact, 400 times more potent than other agents 
capable of achieving this effect40. Most research 
currently focuses on their role in administering 
drugs via the gut or skin41-43 or overcoming the 
blood-brain barrier44. However, there have been 
two studies focusing on the respiratory system, 
namely the lung, as a route of administration15.

Further Potential Methods 
for Increasing Drug Absorption

Liposomes
Liposomal delivery has been investigated for 

several different routes. One study, undertaken 
by Alpar et al45, examined how liposomes may 
increase the efficacy of tetanus toxoid immuniza-
tion. They looked at using liposomes to aid de-
livery via the mucosae of the nose or mouth and 
intramuscularly. These were then compared with 
delivery in a simple solution. The aim was to of-
fer an alternative to the current parenteral route of 
vaccine administration, and one which provokes 
vigorous systemic immunity. Tetanus toxoid de-
livered in 1,2-Distearoyl-sn-glycero-3-phospho-
choline (DSPC) liposomes remained unaltered 
and was absorbed through the intestinal lining45. 
Another study46 compared liposomal-wrapperd 
insulin with a simple solution of insulin. The lipo-
somal preparation was either pretreated with so-
dium glycocholate or left untreated. These three 
alternative formulations were applied to rabbit 
nasal mucosa. The highest level of absorption oc-
curred with the liposomal preparation pretreated 
by sodium glycocholate1,46.

Dextran Microspheres 
Bioadhesive microspheres of known composi-

tion were evaluated by Illum et al47 in terms of their 
remaining in situ following application to the nasal 
mucosa. The most persistent type were the DE-
AE-dextran microspheres, with 60% still resident 
in the nasal interior 3 hours after administration47. 
When the same type of microsphere was applied to 
the problem of insulin delivery, using a rat model, 
the results were concern ing48. The bonds between 
insulin and DEAE resisted dissolution at physiolog-
ical solute concentrations. It was further noted that 
the freeze-drying process had affected the structure 
of the insulin-containing microspheres, and these 

structural alterations potentially also inhibited re-
lease of insulin from the delivery vehicle1,49.

Gels
There has also been research addressing the use 

of chitin or chitosan in modified release formulations. 
Gel formulations were prepared using indomethacin 
and papaverine as examples of typical medications. 
Chitin included within gel preparations acted to 
ensure sustained release, unlike when present as a 
powder50. Chitosan in negatively charged, polymeric 
form possessed greater ability to adhere to mucosal 
surfaces than polycarbophil, in a study undertaken 
by Lehr et al51. These authors propose distinguish-
ing between the ability of a dry polymer to adhere 
to mucosal surfaces exposed to air and the situation 
where adhesion occurs between the mucosa and a 
saturated hydrogel, i.e., liquid-to-liquid51. Studies1,52 

have examined the absorption of nifedipine by the 
nasal mucosa in a rat model where the delivery ve-
hicle was in gel form, i.e., PEG 400, aqueous car-
bopol or carbopol-PEG. The PEG formulation per-
mitted nifedipine to be swiftly absorbed and a high 
Cmax to be obtained, although plasma clearance was 
undesirably high. The carbopol preparation result-
ed in minimal plasma nifedipine levels. However, 
although gels containing PEG400 do permit good 
bioavailability, this solution suffers from the disad-
vantage that PEG400 irritates the nasal lining when 
present at a concentration above 10%.

Bile Acid Salts and Surface-Active Agents
The bile salts most frequently added as excip-

ients are the sodium salts of cholic, deoxycholic, 
glycocholic, taurocholic, taurodeoxycholic and 
glycodeoxycholic acid53. There are numerous 
studies which have concluded that these mole-
cules offer benefit as pharmaceutical excipients in 
medications for intranasal application, but caution 
is required as irritation to the lining of the nose 
has been noted when bile salts are present at con-
centrations exceeding 0.3%1,54.

Intranasal Administration 
for Topical Effects

Medications designed to act topically are fre-
quently delivered to the nasal lining by nasal sprays 
or as aerosolised liquids55. This type of delivery has 
the advantage of moistening the nasal cavity along-
side spreading the agent across a large surface area 
of nasal mucosa, which is the goal of topical ap-
plication56. The principal constraints in developing 
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and using such aqueous liquid formulations is en-
suring they remain sterile during manufacture and 
use and the need to add preservatives. The preser-
vatives may, unfortunately, trigger hypersensitivi-
ty or irritate the mucosa55,57. Development of better 
spray formulations is an area of constant activity, 
leading to progressively longer times for the active 
agent to remain before being cleared and ensuring 
more uniform deposition of the agent, eliminating 
variation due to, e.g., the position of the head when 
the spray is used. One example of highly optimised 
metered-dose inhalers are those for budesonide4,57, 
inhaled particles were reported as adhere nasal 
mucosa; and ciliary activity carries mucus58,59, 
therefore distribution of the particles occur.

Antihistamines and corticosteroids are com-
monly employed as treatments of choice for rhi-
nitis, whether allergic, seasonal allergic or infec-
tious. They reduce nasal blockage. The method of 
delivery is usually intranasal application60. Topical 
preparations are beneficial in terms of rapid ac-
tion. In addition, the low systemic bioavailability 
associated with intranasal application is an advan-
tage for these agents, since it lowers the potential 
for side effects, including neurological effects. 
Furthermore, intranasal doses of corticosteroid or 
antihistamine are less than those required when 
these agents are given by mouth60,61. Antihista-
mines have been in clinical use for symptomatic 
relief of allergic rhinitis for around one hundred 
years. Antihistamines of the second generation do 
not cause excess sedation and produce fewer side 
effects when used intranasally than when given by 
mouth. They are selective for the H1 receptor62,63. 
An example of a second-generation antihistamine 
is levocabastine. Nasal corticosteroids are also fre-
quently administered to patients with seasonal al-
lergic rhinitis. These agents are anti-inflammatory 
and attach themselves to the cytoplasmic glucocor-
ticoid receptor. Their mode of action is transacti-
vation or transrepression, resulting in inhibition of 
inflammatory responses. Corticosteroids modulate 
cytokine and other immunomodulatory signal re-
lease, in addition to lessening the recruitment of 
cells involved in inflammation to the nasal lining64. 
There are several licensed corticosteroid prepara-
tions available, including budesonide, flunisolide, 
fluticasone, mometasone and triamcinolone4,61.

In acute rhinosinusitis (ARS patients), sodium 
hyaluronate and saline solution were given to the 
patients in a nebulizer ampoule; and it was report-
ed to improve the symptoms65. 

Combination therapies of intranasal corti-
costeroid (INCS) and intranasal antihistamine 

(INAH)  was recommended in allergic rhinitis66,67. 
INCS/INAH combination therapy reduced total na-
sal symptom scores more than INCS monotherapy; 
and also increased the total mean Rhinoconjunctivi-
tis Quality of Life Questionnaire (RQLQ) score66,67.

Nasal Lysine Aspirin Desensitization 
in Aspirin Exacerbated Respiratory 

Disease (AERD)

In AERD patients, nasal challenge can be per-
formed by using lysine aspirin(L-ASA) which is the 
soluble form of aspirin68,69. In this method, highly 
aspirin-sensitive patients react at low doses. Nasal 
symptoms mainly develop, and asthma exacerbation 
were detected in a little group of patients. It is re-
ported as safe method for aspirin desensitization68,69.

Use of the Nasal Route 
to Administer Systemic Drugs

Besides the use of intranasal application for top-
ical nasal treatment, the use of this route for sys-
temic drug delivery may also be undertaken. This 
then allows for pharmacotherapeutic treatment of a 
wide range of disorders. Currently, there is consid-
erable research focusing on this latter possibility. 
Studies70,71 have been undertaken for treatments 
used in migraine, headache, microbial prophylax-
is, analgesia, hormone replacement therapy and to 
aid in quitting smoking. It is also a potential route 
for emergency treatment, e.g. in epilepsy. This re-
search is motivated by the perceived advantages of 
the intranasal route for systemic pharmacotherapy. 
The nasal lining provides a considerable surface 
area from which absorption can occur, although 
the precise extent of absorption and subsequent 
bioavailability varies according to the active agent, 
pharmaceutical formulation and delivery vehicle. 
Different animal models produce different results. 
According to Costantino et al72, there is a consis-
tently high level of bioavailability for drugs of low 
molecular mass, whereas the bioavailability of 
high molecular mass drugs by this route is low and 
inconsistent, compared with parenteral adminis-
tration72,73. The abundant vascular supply to the na-
sal interior is an especially key factor in choosing 
this route. Moreover, the time to the onset of effect 
is low, drugs do not undergo first pass metabolism 
and administration is not invasive, therefore pa-
tients find this type of administration less painful 
and more acceptable than injection74,75.
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Conclusions

A number of drugs in development cannot 
be administered intranasally because their bio-
availability following nasal administration is too 
low. There has been considerable research focus 
on methods to enhance absorption via the nasal 
mucosa. In this chapter, we review the literature 
related to this problem and discuss potential solu-
tions.
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