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A direct study evaluating whether differential drug uptake of topical 2% miconazole and 2% ketoconazole
from cream formulations into human stratum corneum correlated with differential pharmacological activity
against Candida albicans was investigated in healthy human subjects. A single 24-h topical dose of 2%
ketoconazole cream or 2% miconazole cream was applied unoccluded, at the same dose (2.6 mg of formulation
per cm of surface area), at four skin sites on both ventral forearms of six human subjects. At the end of the
treatment, residual drug was removed with a tissue from all sites and the treated site was tape stripped 11
times, either 1, 4, 8, or 24 h later. The first tape disc was discarded. The remaining tape discs, 2 through 11,
were combined and extracted for drug quantification by high-performance liquid chromatography and
bioactivity against C. albicans growth in vitro. Topical 2% ketoconazole produced 14-, 10-, and 7-fold greater
drug concentrations in stratum corneum than 2% miconazole at 1, 4, and 8 h after a single topical dose.
Ketoconazole and miconazole concentrations in the stratum corneum were similar 24 h after drug removal.
Tape disc extracts from 2% ketoconazole-treated skin sites demonstrated significantly greater bioactivity in the
bioassay than 2% miconazole. The increased efficacy of2% ketoconazole compared with that of2% miconazole
in vitro reflects their differential uptake into the stratum corneum and inherent pharmacological activity. Tape
stripping the drug-treated site in conjunction with a bioassay is therefore a useful approach in the
determination of bioavailability of topical antifungal agents.

Effective therapy of cutaneous disease requires that the
active agent is delivered to the site of infection in adequate
concentrations to produce a pharmacological effect. In the
case of superficial dermatophyte infections, where the
pathogen resides on or within the outermost layer of the
skin, the antifungal therapeutic agent must be delivered to
the stratum comeum in adequate concentrations to inhibit
the growth of the fungal pathogen. A number of imidazole-
derivative drugs have wide-spectrum activity against der-
matophyte and yeast growth in culture (9, 15, 17). The
principal mode of imidazole drug action is located at the
level of the cell membrane (6, 27). Imidazoles inhibit cyto-
chrome P-450-dependent lanosterol C14 demethylase, which
is responsible for the production of ergosterol, a necessary
component in fungal cell wall synthesis (1, 2). Changes in the
cell membrane sterols may also affect the action of the
membrane-bound enzymes, such as chitin synthase, thus
ultimately slowing fungal cell growth (3).

Imidazole drug therapy is commercially available for a

variety of routes of administration: parenteral, intravenous
oral, and topical. The various imidazoles and routes of
administration, however, have different indications and tox-
icities depending on the severity and type of dermatophyte
infection. Two commercially available topical imidazole
creams, 2% ketoconazole applied once a day and 2% micon-
azole applied twice a day, are indicated for superficial
dermatophyte infections, including tinea corporis, tinea cru-
ris, and tinea pedis caused by Trichophyton spp. and tinea
versicolor caused by Malassezia fiurfur, as well as cutaneous
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candidiasis. The therapeutic efficacies in humans of topical
miconazole versus topical ketoconazole have not been eval-
uated by direct comparison. MICs of miconazole necessary
to inhibit dermatophytes and Candida albicans in vitro range
from 0.2 to 10 ,ug/ml (14, 15), while the MIC of ketoconazole
has been documented to be 100-fold less (0.005 to 0.48
,ug/ml) in Eagle's minimal essential medium (15). In vitro
susceptibility tests have been demonstrated, however, to
reflect in vivo efficacy poorly (4, 12, 20, 25, 29). MICs
obtained in vitro vary substantially, however, depending on
the experimental conditions applied: the type of medium,
temperature, presence or absence of serum, inoculum size,
phase of fungal growth, and duration of incubation (19). The
poor correlation between the model systems has been most
rigorously evaluated with the oral or parenteral routes of
administration but not with topical imidazole administration.
Further, the previous in vitro MIC methods did not evaluate
the drug activity in the target tissue, the skin, but rather with
pure standards, which may not reflect the realities of that
drug in the biological tissue. The use of clinical end points of
efficacy without confirming the presence of drug at the target
site in the human subjects might also produce poor correla-
tions between the two model systems.
The current study was performed to quantitate the uptake

and elimination of topical miconazole and ketoconazole into
healthy human stratum corneum and investigate whether a
differential drug content in stratum corneum would correlate
with the differential bioactivity of the respective drugs in a
quantitative in vitro bioassay.

MATERIALS AND METHODS

Materials. A 2% miconazole cream (Ortho Pharmaceutical
Corp., Dermatological Division, Raritan, N.J.) and 2% ke-
toconazole cream (Janssen Pharmaceutica Inc., Piscataway,
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N.J.) were used as purchased from the University of Utah
Health Sciences Center Pharmacy. Tape discs (1.4-cm diam-
eter) were generated from a roll of Transpore tape (3M, St.
Paul, Minn.) by using a number 8 cork borer. Degassed
high-performance liquid chromatography (HPLC)-grade ace-
tonitrile was purchased from EM Science Omnisolv (Van
Walters Rogers). The 0.01 M monobasic phosphate buffer
(Mallinckrodt Chemical Works, St. Louis, Mo.) was pre-
pared in the laboratory. Miconazole nitrate and ketocon-
azole were used as purchased from Sigma (St. Louis, Mo.).
Human subject population. Five human subjects, three

females and two males, ages 21 to 33 years, were tested in
the topical 2% ketoconazole study. Seven human subjects,
five females and two males, ages 21 to 48 years, five of whom
were used in the topical ketoconazole study, were used in
the topical 2% miconazole study. Both studies were ap-
proved by the University of Utah Institutional Review Board
and were performed 3 months apart. Exclusion criteria for
human subjects enrolled in either study included previous
use of antimycotics or any other topical drugs for 3 months
prior to the study and asthma or a previous history of allergy
to sulfa drugs. Subjects were remunerated for their partici-
pation in the studies.

Application of the commercial formulation to human skin.
One-milliliter disposable tuberculin syringes, without nee-
dles, were loaded with the respective commercial formula-
tions.
A single 24-h topical application of commercial topical 2%

ketoconazole cream or commercial topical 2% miconazole
was applied unoccluded, at the same dose (2.6 pl of formu-
lation per cm2 of surface area), on four 3.8-cm2 skin sites on
both forearms of six human subjects. All demarked sites
were located within the region on the ventral forearm that
was 3 cm above the wrist and 3 cm below the antecubital
fossa. Treatment sites were located on the skin surface such
that demarked sites were 2 cm (center to center) apart. Ten
microliters of formulation was dispensed from a previously
loaded and centrifuged 1-ml tuberculin syringe to the de-
marked sites on the ventral forearm. The formulation was
gently spread evenly over the 3.8-cm2 area with a blunt
conically tipped polypropylene microcentrifuge tube, such
that >97% remained at the skin site. Protective but nonoc-
cluding tape guards (23) were subsequently applied over the
treated sites for the duration of the 24-h treatment period.
The tape guards were prepared in our laboratory with a
2.2-cm-internal-diameter rubber 0-ring (3 mm high) covered
with a piece of single-ply open weave cotton gauze (3.5 by
3.5 cm) and aligned over a 2-cm-diameter hole in the
midsection of a piece of paper tape (5.4 by 16 cm). To this
assembly was attached, adhesive side to adhesive side, a
smaller piece (4 by 4 cm) of paper tape (Johnson and
Johnson, Inc.). In this way, the larger tape piece held the
0-ring assembly in alignment over the drug-treated site,
allowing air circulation to the drug-treated skin site and
preventing occlusion. The smaller tape applied to the under-
side of the tape guard prevented the adhesion of the tape
guard to the area surrounding the drug-treated site. Tape
guards were prepared 24 h prior to the study and stored
attached to wax paper.

Skin stripping the treated skin site. At the end of the dosing
interval (24 h), the protective tape guard was removed.
Residual drug on the skin surface was removed with a clean
tissue from all treated sites. Each treated skin site was
subsequently tape stripped with either 1.4-cm (miconazole)-
or 0.8-cm (ketoconazole)-diameter tape discs 11 times, either
1, 4, 8, or 24 h after drug removal. In this tape-stripping

procedure, a tape disc is applied to the center of the
drug-treated skin site with a forceps. The round blunt end of
the forceps is used to apply even pressure across the tape
disc to increase tape tenacity to the skin surface. The tape
disc is then removed from the skin surface with the forceps,
removing a layer of about 100 ,ug of stratum corneum per
cm2 (24). Each subsequent tape disc applied to the same skin
site removes another skin layer of 100 p.g/cm2. This tape-
stripping procedure has been validated previously for con-
sistent removal of stratum corneum weight per surface area
of the tape disc with each sequential 10 tape strips (24).
Accumulative stratum corneum weight removed with 10
sequential tape discs increases linearly with an increasing
number of tape strippings. Further, increased stratum cor-
neum weight removed is linearly related to number of
stratum comeum cell layers removed with light microscopy.
Previous data demonstrate that this skin-stripping technique
removes >80% of the stratum comeum (23). The amount of
stratum corneum removed in this manner is reproducible
within a given subject regardless of vehicle type applied (23,
24). Data were therefore normalized as the amount of drug
per surface area of the tape disc (micrograms per square
centimeter). An untreated control site was also tape stripped
from each individual and analyzed for possible skin interfer-
ences with the respective drugs. Larger diameter tape discs
were utilized for the miconazole-treated sites to increase the
amount of tissue collected, thereby improving the analytical
sensitivity of drug quantification.

This method for quantifying drug uptake into treated
stratum corneum following topical drug application has been
used to differentiate among various vehicle formulations of a
topical corticosteroid, betamethasone dipropionate (23, 24).
In addition, those studies demonstrated that drug uptake into
treated ventral forearm skin human stratum corneum corre-
lates with drug pharmacological activity (skin blanching
response) at that site (23). Of the 11 tape discs used in the
tape stripping, the first tape disc was discarded because of
potential contamination of residual drug on the skin surface.
The remaining tape discs, 2 to 11, were combined into a
1.5-ml polypropylene microcentrifuge tube and subsequently
chemically extracted for drug quantification by HPLC.
Chromatography and tape strip extraction. Combined skin

strippings in the capped 1.5-ml polypropylene microcentri-
fuge tubes were extracted with 500 ,ul of the 80:20 (vol/vol)
acetonitrile-0.01 M KH2PO4 mobile phase for miconazole
samples and 250 ,ul of the 65:35 (vol/vol) acetonitrile-0.01 M
K2HPO4 (pH 6.0) mobile phase for ketoconazole. All sam-
ples were vortexed at high speed for 1 min to extract the drug
from the tape discs. The tubes were subsequently centri-
fuged (Biofuge A; Baxter) at 8,000 rpm for 10 min. Thirty
microliters of the extract was submitted to the in vitro
bioassay, and the remainder was transferred directly into a
200-,ul glass Polyspring insert (National Scientific,
Lawrenceville, Ga.) and placed in a prelabeled 1.5-ml au-
tosampler vial (National Scientific). Forty microliters of the
extracts was injected via autosampler (Spectra Physics
SP8000) onto an isocratic HPLC (Beckman model 234) fitted
with a 5-,um reverse-phase C18 column (4.6 by 12.5 cm;
Whatman). Analysis of the drugs utilized a flow rate of 0.7
ml/min with their respective mobile phases to provide reten-
tion times of 5.5 min for miconazole and 8.6 min for
ketoconazole. Detection of miconazole was optimal at a
214-nm fixed UV wavelength, while ketoconazole was de-
tected at a 254-nm UV wavelength. Extraction efficiency of
the two antifungal drugs from the tape discs with a single
extraction was >85%. Unknown ketoconazole and micon-
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from different samples. Each tape strip sample collected was
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removal of the drug).
Drug activity was quantitated as the average diameter
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RESULTS

Drug activity in the growth inhibition assay. Drug activities
of various concentrations of ketoconazole and miconazole
extracted from 10 spiked blank tape strips (0.01 to 1 ,ug) in a
growth inhibition assay of C. albicans in vitro are shown in
Fig. 2. Drug concentrations less than 0.01 ,ug were not
detected in the bioassay. The relationship between ketocon-
azole concentration (micrograms) and drug activity (zone of
growth inhibition in centimeters) against C. albicans fit a
logarithmic equation, y = 2.59 + 0.62*ln (X). Drug concen-
trations greater than 1 ,g produced zones of inhibition
similar to that of the 1-,ug standard. Maximal activity in this
assay was 2.6 cm, and the concentration at which 50% of the
drug activity was demonstrated was 0.124 ,ug. The relation-
ship between miconazole concentration and drug activity
also fit a logarithmic equation, y = 1.9 + 0.45*ln (X).
Maximal miconazole activity in this assay was 1.9 cm, and
the concentration at which 50% of the drug activity was
demonstrated was 0.12 ,ug.

Pharmacokinetics of topical ketoconazole and miconazole in
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FIG. 2. Ketoconazole and miconazole dose response curve in an
in vitro bioassay of C. albicans growth inhibition. Filled circle,
ketoconazole [y = 2.59 + 0.62*ln (X)], mean ± SEM for n = 17;
filled triangle, miconazole [y = 1.9 + 0.45*ln (X)], mean + SEM for
n = 6.

human skin in vivo. Application of a single unoccluded
dermatological dose (2.6 pAl of formulation per cm2) of
commercial 2% ketoconazole or 2% miconazole to the
ventral surface of the forearms of human subjects for 24 h
produced 14-, 10-, and 7-fold greater (P < 0.05) stratum
corneum ketoconazole concentrations than miconazole con-
centrations at 1, 4, and 8 h after drug removal, respectively
(Fig. 3, solid lines). Ketoconazole concentrations in the
treated stratum corneum decreased linearly (r = -0.97) from
1 to 8 h after drug removal at a rate of -2 pug/cm2/h.
Miconazole concentrations in the rate-limiting barrier did
not significantly change over the same period.
Pharmacodynamic activity of topical antifungal agents in

drug-treated extracted human skin. Drug activity from the
extracted tape discs of in vivo ketoconazole-treated and
miconazole-treated human skin collected 1, 4, 8, and 24 h
after drug removal of a single unoccluded dose produced
bioactivity against the growth of C. albicans in vitro (shown
as the dashed lines in Fig. 3A and B, respectively). Bioac-
tivity (centimeters) in the extracted tape discs collected from
the 2% ketoconazole-treated ventral forearm skin was 10-
fold greater (P < 0.02) than 2% miconazole-treated skin at all
time points investigated. Ketoconazole activity in the ex-
tracted human stratum corneum tape strippings decreased
only 1.5-fold (P < 0.05) from 1 to 24 h (1.73 ± 0.09 to 1.16 +
0.34 cm [mean ± standard error of the mean {SEM}],
respectively). In contrast, miconazole activity in the ex-
tracted human stratum corneum tape strippings decreased
eightfold (P < 0.05), from 0.25 ± 0.10 to 0.03 ± 0.04 cm,
over the same period.

Increasing ketoconazole uptake to greater than 7 pg/cm2
of surface area (0.55 ,ug in the bioassay) did not further
increase the pharmacological activity in the bioassay (P <
0.05). For example, ketoconazole bioactivities in the tape-
stripped treated drug sites were similar at 1, 4, and 8 h after
drug removal (1.96 ± 0.27, 1.71 + 0.2, and 1.67 ± 0.16 cm,
respectively) despite differences in drug content in the
treated ventral forearm skin tape strips (21.5 + 11.6, 12.2 +
5.4, and 7.4 ± 2.8 ,ug/cm2, respectively). In contrast, micon-
azole bioactivity decreased 10-fold from 1 to 24 h (0.25 ± 0.1
and 0.3 ± 0.4 cm, respectively) despite similar drug contents
in the extracted tape strips (1.49 ± 0.15 and 1.58 ± 0.15
pug/cm2, respectively).
The relative potency of the two imidazole drugs in human

stratum corneum against yeast growth in vitro can be calcu-
lated from the ratio of bioactivity and amount of drug in the
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FIG. 3. (A) Ketoconazole content and bioactivity in 10 tape discs
collected 1, 4, 8, and 24 h after drug removal of a single topical
unoccluded application of 2% ketoconazole cream applied for 24 h
to the human ventral forearm. Solid line, drug content; dashed line,
bioactivity. Values are means + SEM; n = 5. (B) Miconazole
content and bioactivity in 10 tape discs collected 1, 4, 8, and 24 h
after drug removal of a single topical unoccluded application of 2%
miconazole cream applied for 24 h to the human ventral forearm.
Solid line, drug content; dashed line, bioactivity. Values are means
± SEM; n = 7.

tape-stripped stratum corneum (centimeters per microgram)
(Fig. 4). Topical 2% ketoconazole produced a constant
bioactivity-per-microgram of drug ratio of -5.5 from 1 to 24
h after removal of a single dose. In contrast, topical 2%
miconazole produced a bioactivity-per-microgram of drug
ratio that decreased from 1.73 ± 0.58 (mean + SEM; n = 7)
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FIG. 4. Relative bioactivity per microgram of drug of ketocon-
azole versus miconazole in the extracted tape discs collected from
the treated ventral forearm skin over time. Solid bar, ketoconazole
(n = 5); hatched bar, miconazole (n = 7). Values are means + SEM.
*, P < 0.05 from miconazole; **, P < 0.05 1 h after removal of
miconazole.
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to 0.24 + 0.22 from 1 to 24 h after drug removal, respec-
tively.

DISCUSSION

Mechanisms of failed topical drug therapy often are not
understood clinically. Effective topical drug therapy requires
drug uptake into skin at sufficient concentrations over a
particular period of time for maximal pharmacological activ-
ity. Differential efficacy may result from inadequate drug
delivery to the skin, rapid elimination from the skin, or the
inherently weak pharmacological activity of a particular drug
within the skin. The current study was designed to investi-
gate whether two drugs from the same class of therapeutic
agents, imidazole antifungal agents, commonly prescribed
for the treatment of tinea pedis, could be differentiated in
terms of drug uptake into the skin and/or drug activity
against a susceptible strain of yeast.
Both ketoconazole and miconazole demonstrate growth

inhibition activity against C. albicans in vitro in a dose-
dependent manner with the use of known spiked extracted
tape disc standards. Overall, maximal activity of ketocon-
azole was 1.5-fold greater (P < 0.05) than miconazole,
demonstrating the inherent differential pharmacological ac-
tivities between these imidazoles. However, the concentra-
tion at which 50% of drug activity was demonstrated was
similar for both imidazoles at approximately 0.12 ,ug in the
bioassay or 0.5 pug/cm2 of skin surface area. These data
demonstrate that while miconazole may be equipotent to
ketoconazole at concentrations less than 0.25 ,ug, it is
significantly less potent at concentrations greater than 0.5 ,ug
in the bioassay. This differential pharmacological activity of
the two imidazoles offers an avenue by which to further
investigate the mechanisms of altered efficacy with these
drugs in terms of inherent pharmacological activity as well as
the inadequate drug delivery to the skin.
The skin-stripping method developed in our laboratory

offers an objective and relatively noninvasive evaluation of
drug uptake into human stratum corneum in vivo. The
skin-stripping method is relatively noninvasive, removing
only the stratified anucleate epidermis, and is reproducible
(25 to 30% coefficient of variation) within an individual day
to day (23). Quantitation of drug uptake into treated human
stratum corneum in vivo with the tape-stripping method
demonstrates that a single dose of 2% ketoconazole parti-
tions into human stratum corneum 15-fold greater than 2%
miconazole. Commensurate with the greater ketoconazole
uptake into the stratum corneum than miconazole is an
approximately sevenfold greater activity (centimeters)
against C. albicans growth in vitro. These data also demon-
strate that increasing ketoconazole uptake into skin up to 7
pg/cm2 increases the drug bioactivity at the treatment site. A
further increase in stratum corneum drug concentration is
not commensurate with bioactivity.

Tape-stripping-treated human stratum corneum at various
intervals over time post-drug removal also allows for the
quantitation of drug elimination from the skin. While keto-
conazole is eliminated from the stratum corneum at a rate of
-2 [ug/cm2/h from 1 through 8 h after drug removal, micon-
azole concentrations do not change. The prolonged retention
of topically applied miconazole in the skin is consistent with
previous observations that miconazole remains in the skin
after topical application for up to 4 days (5, 14). Whether the
constant concentration of miconazole in human stratum
corneum represents tissue binding of the drug in skin or the
inability of the drug to partition from this skin layer to the

deeper epidermis and dermis in human skin has not been
previously investigated. Skin disposition of topical 2% mi-
conazole in human skin orthotopically grafted onto nude
mice (21) demonstrates, however, that a concentration pro-
file exists through all of the skin layers after a single
unoccluded application of topical drug for 24 h, with stratum
corneum concentrations fourfold greater than epidermal or
dermal concentrations. Miconazole was not eliminated from
any of the human skin layers over 24 h post-drug removal
(data not shown). These data suggest that the lack of
significant drug clearance from any of the skin layers results
from tissue binding of the drug in the skin and not the
inability of the drug to partition between the skin layers.
Comparison of the relative potencies of the two imidazole

drugs, calculated as bioactivity against C. albicans per
microgram of drug in the stratum corneum (centimeters per
microgram), demonstrates a greater potency of ketoconazole
than miconazole at all time points of investigation. Topical
2% ketoconazole produced a bioactivity-per-microgram of
drug ratio of -5 at 1 h after drug removal and remained
constant over the following 24 h despite the 1.5-fold reduc-
tion in stratum corneum drug concentration over time.
Maximal ketoconazole activity in the bioassay is -0.5 ,g or
-7 Vg/cm2 of skin surface area. Ketoconazole concentra-
tions greater than 7 ,ug/cm2, measured at the 1-, 4-, and 8-h
time points, do not produce statistically greater bioactivities
in the bioassay.
Miconazole demonstrated 2- to 10-fold less potency than

ketoconazole at all of the time points of evaluation. Maximal
miconazole bioactivity per microgram of drug (0.26 cm/,ug)
was twofold less than ketoconazole at 1 h and fivefold less at
24 h after drug removal (0.24 cm/,ug). The decreasing mean
bioactivity of miconazole in human skin over time was not
significant (P > 0.05); however, constant drug concentra-
tions may reflect increasing tissue binding of the drug in the
skin or the generation of an unknown inactive miconazole
metabolite(s) that was not chromatographically distinct from
the parent compound with the current HPLC methods.
Specific or nonspecific tissue binding of miconazole will
decrease the amount of free pharmacologically active drug,
thereby decreasing bioactivity. While the skin samples are
extracted with acetonitrile before submission to the bioas-
say, which should release tissue-bound drug, it is plausible
that some of the drug could remain bound to some cellular or
tape adhesive constituent, which may not alter the chroma-
tography but may decrease its activity in the bioassay. The
presence of tape adhesive in the extracted tape strip pure
standards, however, did not cause any significant difference
in bioactivity versus the bioactivity of pure standards. The
presence of inactive metabolites that cochromatograph with
the parent drug could also result in overestimation of the
parent compound and produce less bioactivity. While imida-
zoles are known to be extensively metabolized systemically
and to be hepatic cytochrome P-450 inhibitors (22, 28),
which is the basis for many drug interactions (7, 8, 10, 11, 13,
15, 16, 18, 26), neither inactive metabolites nor miconazole-
cytochrome P450 complexes have been investigated in the
skin. Regardless of the metabolic fate of miconazole in the
skin, the overall result is a decreased pharmacological
activity in the bioassay and a decreasing bioactivity-per-
microgram of drug ratio over time compared with ketocon-
azole. Further investigation of miconazole tissue binding and
metabolism in human skin is necessary to elucidate the
mechanism for the decreasing miconazole bioactivity mea-
sured over time.

In summary, the data demonstrate a pharmacokinetic-
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pharmacodynamic relationship with topical miconazole and
ketoconazole in human skin. Increasing the amount of
imidazole delivered into skin results in an increased drug
bioactivity up to its maximal inherent pharmacological ac-

tivity. The inferior miconazole bioactivity per amount of
drug in the stratum corneum compared with that of ketocon-
azole is the result of decreased uptake into human stratum
comeum, its lesser inherent pharmacological activity, and
possibly tissue binding of miconazole within the stratum
corneum. The good correlation between drug uptake into
skin and the resulting bioactivity combined with the dose
response of pharmacological activity of miconazole against
C. albicans in the bioassay suggests that improving micon-
azole uptake into human stratum corneum should result in
better bioactivity and therefore better clinical efficacy. The
pharmacokinetic and pharmacodynamic methods presented
offer a new more comprehensive approach with which to
identify optimized topical vehicle formulations for antifungal
delivery to skin and to determine bioequivalence between
topical antifungal products.
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