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Introduction                                                                 

The nasal administration of drugs for the 

symptomatic relief and prevention or treatment of 

topical nasal conditions has been widely used for a 

long period, including the treatment of congestion, 

rhinitis, sinusitis and related allergic or chronic 

conditions, and has resulted in a variety of different 

medications including corticoids, antihistamines, anti-

cholinergic and vasoconstrictors [1].                  

However, in recent years, the nasal mucosa has 

seriously emerged as a therapeutically viable route for 

the systemic drug delivery, and therefore, an 

alternative for achieving systemic drug effects to the 

parenteral route, which can be inconvenient, or oral 

administration, which can result in unacceptably low 

bioavailabilities [24].                                                     

The nasal epithelium has been considered as a 

potential administration route to achieve faster and 

higher level of drug absorption, the submucosa is 

richly vascularized, and hepatic first-pass metabolism 

is avoided after nasal administration [5].  

Other attractive features include the rather large 

surface area of the nasal cavity and the relatively 

high blood flow, which promotes rapid absorption 

[12].                                                               

Furthermore, the nasal route is suitable for self-

medication.                                                                

In general, among the primary targets for 

intranasal administration are pharmacologically 

active compounds with poor stability in 

gastrointestinal fluids, poor intestinal absorption 

and/or extensive hepatic first-pass elimination, 

such as peptides, proteins and polar drugs [48]. 

The nasal delivery seems to be a favorable way to 

circumvent the obstacles for blood-brain barrier 

(BBB) allowing the direct drug delivery in the 

biophase of central nervous system (CNS)-active 

compounds. It has also been considered to the 

administration of vaccines [29].                                   
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ABSTRACT                                                                                                                                                         

Over the recent decades, the interest in nasal delivery as a feasible alternative to oral or parenteral 

administration for some drugs is increased, because of the high permeability of the nasal epithelium, rapid 

drug absorption across this membrane and avoidance of hepatic first-pass metabolism. Therefore, it is 

important to understand the potential and limitations of various nasal drug delivery systems.                               

The aim of this review article is to outline the advantages and limitations of the nasal route and to 

investigate factors influencing the permeability of the nasal mucosa to various compounds such as 

physiological factors, physicochemical characteristics of the substance, and pharmaceutical factors that 

must be considered during the process of discovery and development of nasal drugs as well as in their 

incorporation into appropriate nasal pharmaceutical formulations.  
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Accordingly, the present review outlines 

anatomical, physiological and histological features 

of nasal cavity and the major factors affecting 

nasal drug delivery, highlighting simultaneously 

the properties of drugs and formulation 

characteristics that determine decisively the 

pharmacokinetics of nasal preparations. 

 

Advantages*and*limitations* 
 Descripted  on (Table A) 
 

Mechanism*of*nasal*absorption* 
When a drug is nasally administered to induce 

systemic effects it needs to pass through the 

mucus layer (composed chiefly of mucin), where 

it serves as a diffusion barrier against contact with 

exogenous substances, and then through the 

epithelial membrane before reaching the blood 

stream (Figure 1) [54]. The passage across the 

epithelium may occur essentially by paracellular 

passive diffusion (hydrophilic and small polar 

drugs) and transcellular passive diffusion 

(lipophilic drugs and compounds with a molecular 

weight higher than 1 kDa, such as peptides and 

proteins. [16, 17] (Figure 2).  

Tight junctions are dynamic structures localized 

between the cells, which open and close 

accordingly to activation of signaling mechanisms. 

[30,78] 

Finally, it is evident that the molecular weight and 

lipophilicity of drugs may have a great impact in 

the rate and extent of its nasal absorption.          

(Figure 1) and (Figure 2). 
       

Factors*influencing*the*absorption*of*drugs*

across*the*nasal*epithelium* 
A multitude of factors affect nasal absorption: 

physiological properties of the nasal cavity, the 

physiochemical properties of the drugs and the 

type and the properties of the specific drug 

formulation. These factors play key role for most 

of the drugs in order to reach therapeutically 

effective blood levels after nasal administration. 

The factors influencing nasal drug absorption are 

described as follows.  

Physiological*Factors/*Barriers* 

• Mucociliary*clearance* 
The nasal mucociliary clearance system  

(MCC)  

epithelium towards the nasopharynx by ciliary 

beating. Its function is to protect the respiratory  

transports the mucus layer that covers the nasal  

foreign substances, pathogens and particles carried 

by inhaled air [65]. These particles adhere to the 

mucus layer and are transported to the 

nasopharynx and to the gastrointestinal tract. In 

physiological conditions, the speed of mucociliary 

clearance is about 5 mm/ min and its transit time 

in nasal cavity is reported to be 15-20 min. [48,17] 

Several workers have investigated ciliary beat 

frequency in order to evaluate the effects of drugs, 

formulation additives or infections in the upper 

airways on the mucociliary system. 

When MCC decreases, residence time of the drug 

product in nasal mucosa increase and, therefore, 

enhances its permeation. The opposite effect is 

observed when MCC increases in presence of 

factors that increase mucus production, decrease 

mucus viscosity or increase ciliary beat frequency. 

Polar drugs are the most affected by MCC, since 

they are highly soluble in mucus and their passage 

across the membrane is very slow. Thus, all 

factors that influence the efficacy and pace of 

MCC may modify the drug absorption profile. 

In addition, several pathological conditions exist 

in which MCC does not work properly as shown 

in Table!1. Furthermore, some components of 

drug formulations may also alter the MCC system, 

such as preservatives and nasal absorption 

enhancers. [2, 44, 67]. 

 

• Enzymes* 
Drugs nasally administered circumvent 

gastrointestinal and hepatic first-pass effect. 

However, they may be significantly metabolized 

in lumen of nasal cavity or during the passage 

across the nasal epithelial barrier due to the 

presence of a broad range of metabolic enzymes in 

nasal tissues.  
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Among the enzymes present are the oxidative 

phase I enzymes (e.g. Cytochrome P450 

isoenzymes) as metabolizers of drugs such as 

cocaine, nicotine, alcohols, progesterone and 

decongestants [18,74], non-oxidative enzymes, 

conjugative phase II enzymes and proteolytic 

enzymes such as endopeptidases (serine and 

cysteine, which can attack internal peptide bonds) 

and exopeptidases (monoamino peptidases and 

diaminopeptidases with capability to cleave 

peptides at their N and C termini) [74]. The nasal 

enzyme population and/ or activities vary 

extensively among different species. However, the 

level of activity seems to be lower for nasal 

enzymes than for those in the gastrointestinal tract 

or liver, on the basis of the amount of tissue 

involved. 

• Pathological*conditions*of*nose* 
The presence of nasal pathological conditions, 

such as rhinitis (allergic rhinitis and common), 

nasal polyps and cancer and common colds may 

alter absorption from the nasal cavity in different 

ways. The majority of nasal pathologies show 

bleeding, excessive mucus secretion, nasal 

blockage and crusting. It has been reported that a 

rhinovirus infection in vitro causes sloughing of 

epithelial cells and destruction of the epithelial 

layer. Excessive nasal secretion may wash away a 

nasally administered drug before it can be 

absorbed.  

 

Physicochemical*characteristics*of*the*drug* 
The absorption of a drug across the nasal mucosa 

is a function of its physicochemical properties 

such as molecular weight, lipophilicity, solubility, 

dissolution rate, charge, partition coefficient, pKa 

and the presence of polymorphism [7].                       

• Molecular*weight! 

An inverse relationship between molecular weight 

and percent absorption has been reported by 

Donovan et al. [21] based on studies on 

polyethylene glycol of different molecular 

weights. [50] 

 

Several studies demonstrated that the permeation 

of polar drugs with a molecular weight of less than 

300 Da is not considerably influenced by their 

physicochemical properties [66, 15, 25].                     

By contrast, the rate of permeation is highly 

sensitive to molecular size if it is higher than 

300Da [28]. An inverse relationship exists 

between rate of permeation and molecular weight 

[15,21]. For some small polar molecules, only a 

10% bioavailability is suggested. The value goes 

down to 1% for large molecules such as proteins 

[55].  
 

• Lipophilicity* 
The hydrophilic and lipophilic nature of the drug 

also affects the process of absorption [39]. 

Lipophilic drugs presenting a molecular weight 

lower than 1 kDa like propranolol naloxone, 

buprenorphine, testosterone and fentanyl are well 

and almost completely absorbed from the nasal 

cavity through transcellular mechanisms. The 

nasal absorption of lipophilic drugs bigger than 1 

kDa is significantly reduced. [66]  

By increasing lipophilicity, the permeation of the 

compound normally increases through nasal 

mucosa. [14,15]  

 

• Solubility* 
Drug dissolution is a pre-requisite for any drug 

absorption, since only the molecularly disperse 

form of a drug at the absorption site may cross the 

biomembranes. Hence, before nasal absorption the 

drug must to be dissolved in the watery fluids of 

the nasal cavity.                                                            

Thus, of the utmost importance is the appropriated 

aqueous drug solubility to allow enough contact 

with the nasal mucosa and posterior absorption 

[79].                                                                  

However, the absorption profile is influenced by 

drug solubility. 

Thereby, drugs poorly soluble in water and/or 

requiring high doses may constitute a problem. 

This can be overtaken enhancing the drug aqueous 

solubility [6, 16, 38, 39, 40, 42, 70].  
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have also been developed to improve nasal route.  
 

• Pharmaceutical*excipients* 

In nasal formulations, ample varieties of 

pharmaceutical excipients can be found according 

to their functions. Solubilizers, Gelling agents, 

buffer components, antioxidants, preservatives, 

humectants, viscosity enhancers, and flavoring or 

taste masking agents are some of the most usual 

excipients [73]. Although they are responsible for 

several nasal irritations, thus care should be taken 

in the selection of excipients [55].  
 

Strategies*to*improve*nasal*absorption* 
Bioavailability of nasally administered drugs is 

particularly restricted by low drug solubility, rapid 

enzymatic degradation in nasal cavity, poor 

membrane penetration and rapid MCC. Thus 

various strategies used to improve the 

bioavailability of the drug in the nasal mucosa :  

• To improve the nasal residence time.  

• To enhance nasal absorption.  

• To modify drug structure to change 

P           hysicochemical properties. [25]  

Several methods have been used to facilitate the 

nasal absorption of drugs includes: use of 

prodrugs, enzymatic inhibitors, absorption  

enhancers, development of mucoadhesive delivery  

systems and new pharmaceutical forms (Table 2).  

!

• Prodrugs* 
Intranasal drugs are commonly administered as 

solutions or as powder formulations which need to 

undergo a dissolution process before absorption 

[3]. Lipophilic drugs pass easily through 

membranes, but they are poorly water soluble. For 

this reason, they should be administered as a 

prodrug with hydrophilic character to make 

possible the production of an aqueous nasal 

formulation with a suitable concentration.               

The prodrug must be quickly converted in the 

blood stream to the parent drug. Some researchers 

have also used the prodrug approach for 

improving enzymatic stability of drugs. 

Effect*of*drug*formulation**

• Viscosity* 

A higher 9 viscosity of the formulation increases 

the contact time between drug and nasal mucosa 

and, thereby, the potential of drug absorption 

increases. However, highly viscous formulations 

interferes with the normal ciliary beating or 

mucociliary clearance and, thus, increases the 

permeability of drugs. This fact has been 

demonstrated during nasal delivery of insulin, 

metoprolol and acyclovir [4, 66, 76].  
 

• pH*and*pKa* 

The nasal absorption depends on pH at the site of 

absorption and the pKa value of drug. In addition, 

the pH of formulation must be selected attending 

to drug stability and should be assured the greatest 

quantity of non-ionized drug species if it possible. 

However, the pH of formulation can induce nasal 

mucosa irritation and, hence, it should be 

comparable to that found on human nasal mucosa 

(between 5.0 and 6.5) [17,79, 77].  

 

• Pharmaceutical*form* 

Deposition of dosage form in different sections of 

nasal cavity and its retention at the site of choice 

depends on the pharmaceutical form of delivery 

systems [31]. 

For example, nasal drops are the simplest and the 

most convenient nasal pharmaceutical form, but 

the exact dosing control of drug to be delivered is 

not easily quantified and often results in overdose 

[73]. In addition, rapid nasal drainage can occur 

when using this dosage form. Solution and 

suspension sprays are preferred over powder 

sprays because the last one easily prompted the 

development of nasal mucosa irritation [2].  

Irecent times, gel approaches have been developed 

for a more accurate drug delivery. They reduce 

postnasal drip and anterior leakage, fixing the drug 

formulation in nasal mucosa. This enhances the 

drug residence time and diminishes MCC, thereby, 

potentially increases the nasal absorption. During 

the last years, specialized systems like lipid 

emulsions, microspheres, liposomes and films 
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•  It should lead to an effective increase in the 

absorption of the drug.  

• It should not cause permanent damage or 

alteration to the tissues.  

• It should be non irritant and nontoxic.  

• It should be effective in small quantity.  

• The enhancing effect should occur when 

absorption is required.  

• The effect should be temporary and 

reversible.  

• It should be compatible with other 

excipients.  

Different types of absorption/permeation 

enhancers are enlisted in Table 3 with their 

possible mechanism  

Conclusion* 
Nasal drug delivery system is a promising 

alternative route of administration for the several 

systemically acting drugs with poor bioavailability 

and it has advantages in terms of improved patient 

acceptability and compliance compared to 

parenteral administration of drugs. 

Nasal products will include not only drugs for 

acute and long-term diseases, but also novel nasal 

vaccines with better local or systemic protection 

against infections. However, it was stated that 

intranasal route presents several limitations that 

must be overcome to develop a successful nasal 

medicine. Physiological conditions, 

physicochemical properties of drugs and 

formulations are the most important factors 

determining nasal drug absorption. The use of 

prodrugs, enzymatic inhibitors, absorption 

enhancers, mucoadhesive drug delivery systems 

and new pharmaceutical formulations are, 

nowadays, among the mostly applied strategies. 

Each drug is one particular case and, thus, the 

relationship between the drug characteristics, the 

strategies considered and the permeation rate is 

essential.  
 

 

 

For example, Yang et al stated that L- aspartate- βester 

prodrug of acyclovir was more permeable and less 

labile to enzymatic hydrolysis than its parent drug. In 

addition, the potential use of prodrugs to protect 

peptide drugs from nasal enzymatic degradation has 

been discussed and suggested as a powerful strategy to 

increase the bioavailability of peptides when 

administered intranasally. [38]  
 

• Nasal*enzyme*inhibitors!

Nasal mucus layer and nasal mucosa act as 

enzymatic barriers during nasal drug delivery, 

because they have a wide variety of enzymes [70]. 

Enzymatic degradation can be eliminated by using 

the enzyme inhibitors. Mainly for the formulation 

of proteins and peptide molecule development, 

enzyme inhibitors like peptidases and proteases 

are used. The enzyme inhibitors commonly used 

for the enzymatic activity are trypsin, aprotinin, 

borovaline, amastatin, bestatin and boroleucin 

inhibitors. Finally, enzymatic inhibition can also 

be achieved using certain absorption enhancers 

like salts and fusidic acid derivatives [16].  

• Absorption*enhancers!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Many drugs having high water solubility have 

poor permeability across nasal epithelia and may 

present insufficient bioavailability. To enhance 

their permeation and bioavailability, permeation 

possible mechanisms such as inhibitionof enzyme 

activity, reductionof mucus viscosity or elsticity, 

decreasing mucociliary clearance, opening tight 

junctions and solubilizing or stabilizing  the drug. 

The mechanism of action of absorption enhancer 

is increasing the rate at which drug passes through 

the nasal mucosa. Many enhancers act by altering 

the structure of epithelial cells in some way, but 

they should accomplish this while causing no 

damage or permanent change to nasal mucosa. 

General requirement of an ideal penetration 

enhancer are as follows [9, 23] :  
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