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Penetration of the human nail plate: the effects of vehicle pH on 
the permeation of miconazole 

KENNETH A. WALTERS*, GORDON L. FLYNN, JOHN R. hlARvELt, University of Michigan, College of Pharmacy, Ann Arbor, 
Michigan 481 09, fDermatologica1 Division, Ortho Pharmaceutical Corporation, Raritan, New Jersey, USA 

In order to assess the relative permeability of the nail plate 
to ionized and unionized drugs the ermeation of micon- 
azole at varyin p H  has been followejas a function of time. 
The H was ajjusted from 3.1 to 8.2 to obtain between 5 
and foO% dissociation of the drug. No significant difference 
in the rate of permeation was demonstrated. The data 
sug ests that the ionic form of miconazole dissolves as 
easiy in the nail, late as the free base and, therefore, 
topical bioavailabitty can be enhanced by decreasing the 
formulation pH thereby increasing drug solubility. 

Previous studies on the physicochemical properties of 
the human nail plate have indicated a marked difference 
between the permeability characteristics of this tissue 
and that of the epidermis (Walters et a1 1983). Whereas 
the stratum corneum behaves as a lipid barrier to the 
permeation of low molecular weight chemicals (Scheu- 
plein 1965; Durrheim et a1 1980) the nail plate exhibits 
behaviour similar to that of a hydrogel of high ionic 
strength. Furthermore chemicals, such as dimethylsul- 
phoxide, which have been shown to be remarkably 
effective as enhancers of skin penetration (Scheuplein 
& Ross 1970; Astley & Levine 1976) have shown little 
promi!e as accelerators of nail plate permeability 
(Kligman 1965; Walters & Flynn 1981). These differ- 
ences between two tissues of such intimately related 
origins cannot be attributed to any obvious differences 
in morphogenesis; rather the inconsistencies appear to 
be due to differences in the relative amounts of the lipid 
and protein regimes (Walters et a1 1983) and perhaps 
the physicochemical qualities of each of these phases. 
Stratum corneum contains at least 10% lipid, most of 
which is believed to be intercellular, whereas the nail 
plate contains no more than 1% (Baden et a1 1973). The 
low lipid fraction of the nail is consistent in makeup and 
amount with lipids derived mostly from the residual cell 
membranes. In its normal state the nail also contains 
less water than the stratum corneum, about 10% 
moisture by actual estimate (Baden et all973). Permea- 
tion data for the homologous nonelectrolytes, the 
n-alkanols, indicate the relative importance of the 
various regimes of the nail plate in determining its 
barrier properties and show the nail to be a far different 
membrane than the stratum corneum. In this communi- 
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cation further evidence of unique behaviour of the nail 
plate membrane is presented. Specifically the permea- 
tion of a weak electrolyte, miconazole, does not appear 
to be influenced by its degree of ionization. 

Method 
Tritiated miconazole (1-(2,4-dichloro-~-(2,4-dichloro- 
benzyloxy)phenethyl]imidazole) was supplied by Ortho 
Pharmaceutical Corporation. The radiolabelled chem- 
ical was diluted with0.9% NaCl before use. Detailsof the 
diffusioncell and permeation procedures have beengiven 
elsewhere (Walters et a1 1981). The permeation of 
(3H]miconazole through hydrated nail plate was followed 
as a function of pH of the bathing medium at 37 "C. The 
pH was adjusted from 3.1 to 8.2, with citrate/phosphate 
buffer, to obtain between 5 and 100% dissociation. 
During these experiments [14C]ethanol (New England 
Nuclear) was the internal reference. 
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FIG. 1. pH-permeation profile for miconazole and ethanol 
data are mean k s.d. (n = 5). Figures beneath the 
miconazole curve are YO dissociations. 

Results and discussion 
The effect of pH on the permeability coefficients of 
miconazole and ethanol are shown in Fig. 1. It is 
expected that the permeability of a weak electrolyte 
should vary as a function of pH, providing the mem- 
brane behaves as a lipoidal structure. It has been 
demonstrated, for example, that organic ions can 
permeate the stratum corneum, but the rate of permea- 
tion is only a fraction of that of the undissociated form 
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(Arita et a1 1970; Wallace & Barnett 1978; Dyer et al 
1981). The low permeation rates of dissociated com- 
pounds through skin are assumed to be due to a relative 
inability of ions to partition into the lipid phases of the 
horny layer. The lack of importance of lipid phases as a 
medium of transport across the nail, as suggested 
previously (Walters e t  al1983), is reflected in the ability 
of both the dissociated and the undissociated species of 
miconazole to permeate at near equivalent rates (Fig. 
1). Miconazole is a weak base with a pK, of 6.65 and, 
therefore, the more acidic the medium the greater is the 
degree of ionization. Yet the flux of miconazole, 
through different nail plates, is invariant at low pH 
where ionization is near complete. Moreover, the 
permeability coefficients of the reference compound, 
ethanol, follow the same pattern as a function of pH. 
The ratio, Pmiconazole/Perhanol is essentially invariant. 
Thus the ionic form of miconazole dissolves as easily in 
the nail plate as the free base. Since there is little or no 
dependency of permeability on pH, these data suggest 
that the overriding aspect in increasing topical bio- 
availability of miconazole, for the treatment of onycho- 
mycoses, is increasing the solubility of the drug in a 
formulation, which can be done by decreasing the pH. 

This work was supported through the generosity of the 
Ortho Pharmaceutical Cornoration, Raritan, New 
Jersey, USA. 
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The affinity and efficacy of naturally occurring catecholamines at 
P-adrenoceptor subtypes 

GRANT A. MCPHERSON*, PETER MOLENAAR, ERROL MALTA, School of Pharmacology, Victorian College of Pharmacy, 381 
Royal Parade, Parkville 3052, Victoria, Australia 

The contribution of affinity and efficacy to the agonistic 
actions of the naturally occurring catecholamines, (-)- 
noradrenaline and (-)-adrenaline at P-adrenoceptor sites 
were assessed in guinea-pig driven left atrial (PI) and 
K+-depolarized uterine (pz) preparations. The dissociation 
constants of each agonist, re uired in these calculations, 
were calculated using radiojigand binding techniques. 
[1251]Iodocyanopindolol bound to sites in membrane prepa- 
rations of each tissue which have been shown to represent 
P1-(atria) and P2-(uterus) adrenoceptors. It was found that 
(-)-noradrenaline was approximately 10-fold more selec- 
tive for the PI- as ojposed to, the &-adrenoceptor in the 
pharmacolo ical stu ies Affinity/efficacy calculations indi- 
cated that tiis selectivity was entirely due to a selective 
affinit for the f3,-adrenoceptor subtype. (-)- 
Norabrrenaline, (-)-adrenaline and the reference corn- 
pound (-)-isoprenaline all had approximately the same 
efficacy at either P-adrenoceptor subtype. 

As noted by Lands et al (1967) in their work on the 
subclassification of @-adrenoceptors, the naturally 
occurring catecholamines, (-)-noradrenaline and (-)- 
adrenaline display a marked difference in their potency 
at so called PI- and @,-adrenoceptors. Thus at PI- 
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adrenoceptors (e.g. heart) (-)-noradrenaline has a 
similar potency to (-)-adrenaline whereas at P2- 
adrenoceptors (e.g. blood vessels) (-)-adrenaline is 
considerably more potent than (-)-noradrenaline as an 
agonist . 

The purpose of this study was to ascertain whether the 
differing relative potencies of (-)-noradrenaline and 
(-)-adrenaline result from differences in affinity (i.e. 
different abilities of the agonists to form drug receptor 
complexes) or differing efficacies (i.e. different abilities 
of the drug receptor complex to initiate pharmacolog- 
ical activity). These studies were performed using the 
non-selective P-adrenoceptor agonist (-)-isoprenaline 
as the reference agonist. 

Methods 
Details of the methods used in the present study have 
been described previously (McPherson et a1 1984). 
Guinea-pig left atrial and uterine tissues were used since 
previous pharmacological (Broadley 1982; Krstew et a1 
1982; McPherson et al 1984) and radioligand binding 
studies (McPherson et a1 1984) have indicated the 
presence of homogeneous populations of PI- and 


