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"he use of intranasal route for administration of 
<1;2> drugs is known since many years 

"he possibilities of intraMSa1 route are recently 
g-rmh~~ their interest, for the development that new 
proteins and peptides have in therapeutic. 
"he nasal mcosa is particularly attractive for the 
delivery of peptides and proteins because of both its 
law enzymic activity <3> and the avoiding of the 
metabolic first-pass effect <3>. m e  two mre important 
features related to nasal drug delivery are (A) the 
permeability of nasal mcosa (the nasal mmsa is 
normally moderately penmible to water-soluble 
canpounds, camparable with ileum or gallbladder, while 
it is higher than other mucosa like the vaginal one 
<4;5>) and (B) the so-call~ nasal clearance, due to 
the coordinated movement of cilia <6> . 
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1420 DE PONTI AND LARDINI 

Different physiological and pathological states can 
<6;7> a determine different nasal clearance rates: 

cammon cold k e a s e s  the nasal clearance in a dramatic 
way, 
physiologic factors are responsible for circadian 
rhythm and, in order to have no influence of such 

effects on the nasal absorption, some authors have 
proposed that nasal insufflation has to be performed in 
both the nostrils with two insufflations per nostril, 
one tawards the  up^ direction and the other tuward 

<9> the bottom of the nostril 
?he major efforts of scientists to improve nasal 
absorption are addressed to the use of substances 
acting as absorption pramters, otherwise called 
absorption enhancers or penetration enhancers. 
Absorption enhancers can be divided in m y  different 
classes: a first classification is between the chemical 
and physical enhancers. Generally speaking, chemical 
enhancers act by destructwing the nasal mu-, very 
often in an irreversible way. Physical enhancers have 
the effect to slow the nasal clearance generally 
forming a gel. This last effect is reversible as the 
nasal clearance is impaired only for a limited period, 
until the gel is swallowed. 
Among chmical enhancers can be named chelatirq agents, 
fatty acids, bile acid salts and other surfactants, 
fusidic acid, lysophosphatides, cyclic peptide 
antibiotics, preservatives, carboxilic acids (ascorbic 
acid, amino acids), glycyrrhetinic acid, 
0-acylcarnitine; pH and osmolarity can also play an 
important role and should be consider& in the chemical 
enham=ers class. 

the same occurs following polypectca~ly <8>. 
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CHEMICAL ENHANCERS FOR NASAL DRUG DELIVERY 1421 

Among the chelatins aqents can be named sodium 
edetate, citric acid, salicylates, N-acylderivatives 
of collagen and enamkes (N-amino acyl derivatives of 
P-diketones). chelatiq agents interfere with the 
ability of calcium ions to maintain the dimension of 
the intercellular space, permitting the paracellular 
transport of peptides and proteins otherwise excluded 
from this pathway <lo’. Moreover, calcium is believed 
to play a vital role in the regulation of ciliary 
activity <I1>. sodium edetate (0.1%) is currently used 
in two formulations marketed in Italy and citrates are 
used in four formulations marketed in Italy. Irreversible 
damage of ciliated epithelium due to sodium edetate at 
a concentration of 0.1% is reported <11’ for this 
reason the use of sodium edetate (0.05%) is recammded 
<12> in cambination with benzalkonium chloride (0.01%) 
to provide the pressmation of nasal preparations with 

<12> the least h a r m f u l  action 

Fat* acid and their derivatives are also used as 
enhancers, and are often used with glycerides and 
lecithins in inhalation aerosols for technical reasons 
(lubrication). These surfactants are non-volatile 
liquids dissolved in the propellants and they will 
appear in the generated aerosol together with the drug 
particles 
C8 and C10 chain length mono- and di-glyceride extracts 
of coconut oil were found to enhance enteral, ora l  and 
rectal absorption of ceftriaxone 
Oleic acid and monoolein are capable of im,reaSing 

membrane fluidity either by creating disorder in domain 
in the membrane or by facilitating the leaching of 

<13> 

<14> 
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1422 DE PONTI AND LARDINI 

proteins from the membrane <15’. Mixed micelles 
amposed of monoolein or unsaturatd fa t ty  acids 
markedly enhanced the absorption of streptmycin in the 

large intestine. It w a s  found that taurocholic acid 

depressed amino acid absorption but the addition of 
monoolein restored amino acid absorption t o  normal 
<16> 

B i l e  acid salts, also canpour&. in the class of 

absorption enhancers, can be divided i n  two 
sub-classes, unconjugated and conjugated bile acid 

salts, in which dihydmxy and trihydmxy bile acid 

salts can be encountered: 

3a,l2a-dihydroxy-5P-cholanoa~, e.g.: 

Na deoxycholate 
N a  glydeoxycholate 
N a  taurodeoxycholate 

3a,7a!,l2a-trihydroxy-5~-choianoates, e.g.: 

N a  cholate 
N a  glycocholate 
Na taurocholate 

The more efficient enhancer among bile acid salts 
studied w a s  the more hydrophobic, N a  deoxycholate 
B i l e  salts may act  as absorption enhancers for 
bioactive materials (like insulin) by one or  more of 
the follming mechanisms: 
a) producing high juxtamembrane concentrations of 
insulin monomers via solubilization in mixed bile salt 
micelles; 

<17> 
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CHEMICAL ENHANCERS FOR NASAL DRUG DELIVERY 1423 

b) forming reversed micelles within nasal membranes, 

though which bioactive materials (e.g., insulin) 
monomers can diffuse frm the extracellular space; the 
addition of 0.5% Na deoxycholate to the mucosa l  bathing 
solution in a dog/rat model <18> caused a rapid, four- 
to five-fold increase in permeability to sucrose or 
cholecystokinin cctapeptide. The o w e d  increase in 
permeability was bidirectional, was not reversed by 
washing and accampanied by histological evidence of 
extensive loss of the surface epithelium layer: these 
results indicate that bile salts enhance nasal 
permeability by remaving the epithelium cells, which 
constitute a major permeability barrier, rather than 
causing a chemical modification of the mcusal cells. 
This aques against the use of bile salts to enhance 

nasal drug absorption in patients: 
c) reducing the viscosity of the mucus layer adhering 
to all mucosal surfaces, thereby facilitating peptide 
and protein diffusion tuwards the m e m b m  surface 
<19>. 

I 

d) having the ability to inhibit proteolytic enzyme 
<20> activity in the membrane 

Suitable methods to study the ability to inhibit 
proteolytic enzyme activity in the membranes were 

<2 1> described by Hanson et al. 

A detailed study on Na deoxycholate, Na 
glycdeoxycholate, Na taumdeoxycholate, Na cholate, Na 
glycocholate and Na taurocholate as enhancers for 

<22> gentamycin transnasal administration was conduct& 

on both pramters characteristics and adverse local 
reaction of bile salts (ciliotoxicity as ciliary beat 

<23> frequency related to mucus transport time ) *  
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1424 DE PONTI AND LARDINI 

Both Gordon and mchateau <22> found that the mre 
hydrophobic was the bile salt the higher was the 
enhancing effect. 
Bile salts (1% w/v) were also CCBnpared referring to 
their promoting activity by Hirai <24>, finding a less 
dramtic difference in effect among t h a n .  
~cc0Kih-q to Gordon the r-n for that finding may be 
related to the use of commercial preparations of bile 
salts, which often are contaminated with other closely 
related, possibly more hydrophobic, species. Another 
reason may be a different q?edmental design. 
According to Gordon, Hirai and co-workers allowed 
insulin and bile salt solutions to have prolonged 
contact with the nasal mucosa of rats after occlusion 
of the anterior nostrils: hence, only d a t i v e  
decreases in blood glucose were observed. 
Thus, if maximal insulin transport varied with 
different bile salt species, the experimental design 
employed by Hirai would have obscured this effect. 
The problem of purity of bile acid salts was recognized 
by Moses <25>, who used highly purified bile acid 
salts. 
To overcome the problems put in evidence by Gordon 
regarding the Hirails model, it must be pointed out 
that new rat-model techniques were described following 
and improving the Hirai's one, for example the 
Fischerls model <26> 

Other surfactants than the bile salts were used as 
nasal enhancers, for example saponin (a glywside) , 
surfactin (a peptidelipin) , and laureth-9 (a non-ionic 
deteryent, polyoxyethylene-9 lauryl ether) <24 : 27> 
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CHEMICAL ENHANCERS FOR NASAL DRUG DELIVERY 1425 

polyoxyethylated non-ionic surfactants,interfer with 
the ability of calcium ions to maintain the dimension 
of the interadlular space, thereby pennetting the 
paracellular transport of peptides and proteins 
Laureth-9 shms one of the highst erythrocyte hemlysis 
effects c20;29’ as well as one of the higher effects on 
protein release fram the nasal mmsa among enham=ers 

<20>. Laureth-9 (1% w/v) has a lldestructing action on 
the mucosal lining which included rmiltifocal necrosis, 
inflammtion and exudation, and in some regions, 
complete remaVal of epithelial monolayerV1 

<28> 

<30> 

F’usidic acid and its derivatives were described as 
<29;31> nasal enhancers by Laqeneker 

Na tam 24,25-dfiydmfusidate (STDHF) is the most 
extensively studied among the derivatives of fusidic 
acid, the latter being originally developed in 1962 by 
Leo pharmaceutical as an antibiotic (Na fusidate is a 
fungal metabolite isolated ’ from the fmtation 
products of Fusidium coccineUm). 
S= has no antibiotic activity, it is not mutagenic, 
non-irritating to rabbit skin, eye and nasal cavity in 
acute test: STDHF failed to show any local or systemic 
lesions associated with the enhancer after thirty day 
intranasal toxicity studies involving 3 administrations 
per day in both rats and dogs at doses up to 10% (w/v). 
STDHF and ,%m (glyco-) are at least 5-fold less lytic 
(rabbit erythrocytes lysis, see ref. 29) than Na 
deoxycholate and 100-fold less lytic than laureth-9. 
The difference in toxicity between bile salts and SrChIF 
is not explained, but it s e e m s  valuable to note that 
SW has a plane structure, which is not the case of 
bile salts. 
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1426 DE PONTI AND LARDINI 

Lymphomhatides w e r e  recently used as nasal 
enhancers, in particular L,-a-lysophospbatidylcholine 
<32’ that is a known modifier of mucus structure and 
properties, decreasing viscosity, decreasiq elasticity 
and increasing Na flux. + <19;33;34> 

Another nasal enhancer is reported to be a cyclic 
peptide antibiotic like bacitrach, used to p m t e  
absorption of two BIRH analogues in rats 
Bacitracin is a mixture of 9 cyclic peptides obtained 

from Bacillus subtilis, the pure Bacitracin A (from 
purification) was found less effective than the 

<35> 

mixture. 

Very recently <11’ it was r e p o m  that sane 

preservatives (like methyl p-hydroxybemoate (0 .02%) ,  

propyl p-hydroxybenzoate (0.02%), CNOrbUtol, 
chlorocresol , benzalkonium chloride (O.Ol%), 

chlorexidine and organo-mercuric campounds), when used 
in nasal formulations, slm or even stop the 
mucociliary clearance. 
The effects of methyl p-hydroxybnzoate, propyl 
p-hydroxybenzoate arti chlorbutol seem reversible. The 
action of same preservatives toxicity can add some 

other difficulties to nasal formulations and these 
effects of preservatives normally used in solutions 
should be evaluated. Benzalkonhn chloride (0.01%) is 
used in four formulations and Methyl p-hydroxybenzoate 
(0.13%) and propyl p-hydroxybenzoate (0.02%) are used 
in two formulations on the Italian markt. 
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CHEMICAL ENHANCERS FOR NASAL DRUG D E L I V E R Y  1427 

The use of oqanic acids like ascorbic acid, and 
basic amino acids and/or their salts w a s  also reported, 
together with water-absorbing solid bases <36> 

GlvCyrrfi ethic acid, the aglycone of glycyrrhizin, 
was used as nasal enhancer together with sodium 
glycinate, glutamte or aspartate, to deliver insulin 
and Human Growth Hormone <37>. It is known that 
gl ycyrrhet inic acid gives , after chronic 
adhninistration, a clinical iperaldosteronism syndrcrme. 

Glycyrrhetinic acid (2%) is used in two formulations 
on the Italian market. 
Recently glycyrrfiizin ability in destructwing 
dipalmitoylphosphatidylcholine (DPFC) bilayer was 
reported <38> this can partially supply a -ism for 
the absorption promoting action of glycyrrhetinic acid, 
as the main interaction of glycyrrhizin with the DPFC 

bilayer is mainly due to the triterpene ring and not to 
the glucuronic acid in the glycyrrhizin structure <38> 

0-acvlcarnitine derivatives (octanoyl carnitine, 
lauroyl camitine, palmitoyl carnitine) were recently 
propsed for chemicaly enhancing of natural absorption 
of calcitonin without irritation of the -1 mmsa 
<39> 

other important factors for enhancing the 
absorption in nasal delivery are the @ and osmolaritv. 
It was found that secretin (a hormone secreted in GI 
t rac t  and clinically used for the treatment of duodenal 
ulcers) was best absorbd at pH 2.94 and in 0.462M NaCl 
solution. Histological studies <4 '> revealed structural 
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1428 DE PONTI AND LARDINI 

changes of epithelium cells of the nasal mucosa at pH 
2.94, and shrinkage of epithelium cells was observed 
when a 0.462M NaCl solution was used. 
shrinkage of epithelium cells can be the mechanism of 
action associated with the intranasal use of 
water-absorbable water-swellable pcrwders which gelify 
into the nasal mucosa surface 
The influence of a gel on slming nasal clearance is 

<32 ;41;42 ;43> 

<44 ; 45> well established too 

Alternatively, new methcds to deliver drugs 

through the nasal mute, related to the rationale of 
using systems contain- phcqholipids able to became 
upon administration, natural constituents of the 
m u m ,  were recently described, ranging f m  liposcrmes 

As a matter of fact, the most important drawback 
for the use of chemical nasal enhancers is the 

possibility of toxic effects that, after chronic 
administration causes irreversible damges, to the 

<11; 12; 18; 23; 31; 40; 48; 49; 50> nasal mucQsa 
Even if good toxicological results were obtained with 
-, <51> it still remain the problem to carry on 
activities addressed to the identification of new, 
possibly non-toxic enhancers. 
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