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ABSTRACT
Purpose To assess the bioequivalence of two commercial
topical formulations of oxytetracycline HCl by tape stripping
and microdialysis in healthy volunteers.
Methods Tape stripping study was conducted on 12 healthy
volunteers. After a 30-minute application of the formulations,
adhesive tapes were used to sample stratum corneum at 0.25,
0.5, 1, 1.5, 2, 3, 4 hr. Ten of these volunteers were included in
the microdialysis study with a period of 4 weeks between the
experiments. Microdialysis probes were inserted into the
dermis of the forearm. Following the application of the test
and reference simultaneously, dialysates were collected in
30-minute sampling intervals up to 4 hr.
Results Pharmacokinetic evaluation by microdialysis yielded
that the test could not be said to be bioequivalent to the
reference at 90% CI. The intersubject variability of oxytetra-
cycline content in stratum corneum was moderate when it was
compared to the dermal levels. The test was found to be
bioequivalent to reference according to the dermatopharma-
cokinetic evaluation by tape stripping.
Conclusions No significant correlations were found between
microdialysis and tape stripping methods as regarding the
topical bioequivalence of oxytetracycline HCl formulations.
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ABBREVIATIONS
AUC area under the OTC content-time profile

or area under the OTC concentration-
time profile

BA bioavailability
BE bioequivalence
C amount of OTC at SC
CI confidence intervals
CL clearance
Cmax maximum observed OTC content of the

DPK profile or maximum observed OTC
concentration in dermis

CV coefficient of variation
D dose
DMD dermal microdialysis
DPK dermatopharmacokinetics
HPLC high performance liquid chromatography
ka absorption rate constant
kd elimination rate constant
LOD limit of detection
LOQ limit of quantification
MD microdialysis
OTC oxytetracycline HCl
PK pharmacokinetics
RR relative recovery
SC stratum corneum
SD standard deviation
t1/2 half life
tmax time point at which Cmax was observed
to lag time
TS tape stripping
UPLC-MS-MS ultra performance liquid chromatography

tandem mass spectroscopy
V area of distribution
Vd volume of distribution
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INTRODUCTION

Assessment of bioequivalence (BE) of topical dermatological
dosage forms is a challenge for pharmaceutical and
regulatory scientists. As dermatological drug products are
designed to target the local tissue to which they are applied,
the amount of drug reaching systemic circulation is very
small. Therefore, the general procedure used for BE
determination of orally administered drug products is not
suitable for topical products. Possible methods for the
determination of BE of multisource topical drug products
include clinical trials, pharmacodynamics, tape stripping
(TS), dermal microdialysis (DMD), and other techniques.
Among these, TS and DMD methods are declared to be
the promising ones (1–3).

The TS method, which was also mentioned as the
dermatopharmacokinetics (DPK) method, is attracting
increasing attention as a method with which to assess the
rate and extent of topical drug bioavailability (BA) in the
rate-limiting barrier of skin, the stratum corneum (SC).
This method is used by applying an adhesive tape to the
skin surface and then removing it, thus collecting layers of
cells from SC. The DPK concept involves determination of
the amount of drug present in the SC as a function of time
post-application and post-removal of the formulation (4–6).
However, this noninvasive method has the drawback of lack
of relevance to clinical safety/efficacy and not being
standardized to use in diseased skin (6).

Microdialysis (MD) is an in vivo sampling method for
measuring endogenous and exogenous compounds in
extracellular spaces of tissues. The basic principle of MD
is to mimic the passive function of a small blood vessel by
perfusing a tubular semipermeable dialysis membrane
implanted in the tissue. Compounds can be removed from
or can be added to the extracellular space by diffusion
through the dialysis membrane (7,8). Since the early 1990s,
the principle has been adapted for dermatological research
(9). For DMD, a small probe equipped with a semiperme-
able hollow fiber (the probe) is inserted superficially into
dermis, parallel to the skin surface, and sampling the levels
of compounds in dermis can be performed by simple
diffusion. It is feasible to monitor topical drug penetration
continuously with detailed real-time chronology by using
DMD in dermis. The principle of MD is that a
physiological solution pumped through the probe is in
equilibrium with the diffusible molecules in the extracel-
lular fluid of the surrounding tissue (10). The main
feature of MD is the possibility of assessing drug levels
in the target tissue directly, which is very useful to obtain
the full pharmacokinetic (PK) profiles from each sampling
site. However, this method needs standardization and
more BA and BE studies on the field of topical drug admin-
istration (11).

The aim of the present study was to assess the BE of two
commercial topical formulations of a wide spectrum
antibiotic, oxytetracycline HCl (OTC), by TS and DMD
in healthy volunteers and to evaluate the correlation
between these methods.

MATERIALS AND METHODS

Materials

Two different OTC preparations containing 30 mg OTC per
gram (Polimisin® skin ointment, Koçak Farma, serial
no:1426701, date of manufacture: 03-2007, Turkey and
Terramycin® skin ointment, Pfizer, serial no:120, date of
manufacture: 09-2008, Turkey) were used for topical applica-
tions as the test and the reference, respectively. Pharmaceutical
grade OTC, analytical grade oxalic acid and formic acid were
purchased from Fluka (Sigma-Aldrich Laborchemikalien,
Germany). Methanol HPLC grade was from Riedel-de Haën
(Sigma-Aldrich Laborchemikalien, Germany).

Subjects

TS study was performed with 12 healthy volunteers
(five females, seven males), aged 23±1 years, with no
known drug allergy or dermatological disease. Eleven of
these subjects also volunteered to participate in the MD
study. They were included in the MD study with a
minimum period of 4 weeks between TS and MD experi-
ments. One of these volunteers was further excluded from
the MD study, because the implanted probes malfunctioned
during the experiment.

None of the subjects used any other medications. The
subjects refrained from using any topical formulations
1 week preceding each experiment. They were within
10% of their ideal body weight (68 kg and BMI, body mass
index: 18.5–24.9) (12). Physical examination and biochem-
ical tests (blood chemistry and hematology) were also
carried out. Their medical history was obtained, and all
were found to be suitable for the study. The study protocol
was approved by the local Ethics Committee of Gazi
University Hospital, Ankara, Turkey. The subjects also
gave written informed consent to participate in the study.

Study Design

Dermal Microdialysis

For MD experiments, the subjects were made to lay in the
supine position at room temperature with the left arm
placed on an armrest. Two circular areas (i.d.: 4.3 cm),
approximately 2.7 cm between the sides, were drawn on
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the ventral forearm. The areas were disinfected by alcohol.
A CMA 66 Linear MD probe with membrane length
30 mm (CMA, Sweden) was inserted superficially into the
dermis of each circular area with the help of the needle
introducer, after which it was withdrawn (Fig. 1). The
diameter of the dialysis membrane was 0.5 mm with a
molecular cut-off of 20 kD. The entry and exit puncture sites
were sealed with a drop of cyanoacrylate glue (Pattex®,
Henkel) to prevent potential drug contamination from topical
formulations. This implantation was done without anesthesia
under aseptic conditions. The MD probes were perfused with
normal saline (sterile and isotonic, 0.9% NaCl sol.) at a flow
rate of 2 μl/min with the use of the MD pump (CMA 107,
CMA, Sweden). After the insertion of the probes, a 30-
minute equilibration period was used to diminish the
insertion trauma. Then, 4 ml of test and reference formula-
tions were applied simultaneously to the test areas of 4.3 cm
diameter. Dialysates were then collected in 200 μl microvials
in 30-minute sampling intervals, giving 60 μl samples each for
analysis, for up to 4 h after the initial 30-minute application.
The total period of the treatment applied in MD method was
4.5 hr for test and reference. The dialysate samples were kept
frozen until the time of analysis, which was less than 1 week
after the collection of the dialysate samples.

Relative Recovery

The relationship between the concentration of a drug in the
dialysate to the dialyzed tissue or medium is termed
“relative recovery” (RR) and is expressed as a percent
value (13). In the present study, in vitro RR studies for OTC
across the MD membrane were performed before in vivo
MD studies to ensure reproducible and concentration-
independent sampling of OTC during the experiment. The

probe was placed into constantly stirred OTC solutions
with concentrations of 0.250–50.0 μg/ml at 35°C and per-
fused with saline (0.9%NaCl sol.) at a flow rate of 2 μl/min up
to 5 hr. Dialysate concentrations were plotted versus the
respective concentration of the OTC solution. The dialysate
samples were collected through 30-minute intervals for each
concentration, and in vitro RR was calculated according
to Eq. 1:

RR% ¼ Cdialysate

Cmedium
� 100 ð1Þ

where Cdialysate and Cmedium are the drug concentrations in
dialysate and the medium/tissue, respectively.

Drug concentration in the dialysate represents a fraction
of the concentration in the dermal extracellular fluid. To
obtain absolute tissue concentrations from dialysate con-
centrations, an in vivo calibration was carried out by the
retrodialysis method (14). The principle of this method
relies on the assumption that the diffusion process is
quantitatively equal in both directions through the semi-
permeable membrane. Therefore, the compound of interest
can be added to the perfusion medium, and the disappear-
ance rate through the membrane can be taken as the in vivo
RR. For in vivo RR experiments, one subject had two MD
probes inserted in the dermis of the forearm. The probes
were perfused at a flow rate of 2 μl/min for 4 hr with sterile
and isotonic saline containing 5 μg/ml OTC. The relative
loss of OTC through the membrane from the perfusate to
the dermis was taken as the in vivo RR. It was calculated
using Eq. 2, where Cperfusate is the drug concentration in the
perfusion fluid:

Loss% ¼ Cperfusate�Cdialysate

Cperfusate
� 100 ð2Þ

Tissue concentrations were calculated according to
Eq. 3:

Tissue concentration¼100�sample concentration� in vivo recovery value�1

ð3Þ

Ultrasonography

The depth of the MD probe from the skin surface was
determined on a representative subject at the end of the
experiment. Three ultrasound measurements were per-
formed over each probe in the skin by ultrasound scanning
at 10 MHz, using GE LOGIQ 9 Ultrasound system with
11L wideband transducer (USA).

Tape Stripping

For TS sampling, both the right and left arms of the
volunteers were used. One control and seven drug

Fig. 1 The implantation of linear microdialysis probe into the dermis of
volar aspect of the forearm in a healthy volunteer.
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application sites (2.8 cm2) were assigned by putting a plastic
chamber (i.d: 1.9 cm) over the skin on the right and left
forearms. Hair was gently removed with a hair clipper, if it
was necessary. Approximately 1 ml of test formulation was
applied and spread over each area except the control one,
at least 3 cm from either the wrist, or the bend of the elbow
(Fig. 2). After a 30-minute treatment period, the residual
formulation was removed from the drug-treated sites by
gently wiping with a clean paper towel. Then, 15 consecutive
adhesive tapes (Crystal 3M Scotch, USA) (1.9×2.0 cm) were
used to remove SC of each drug-treated site at 0.25, 0.5, 1,
1.5, 2, 3 and 4 hr after the treatment removal. Tapes were
applied and removed by pincers, using gentle pressure to
assure good skin contact. The first two strips were discarded,
because of the potential residual drug contamination at each
time point. The remaining tape strips were extracted with
methanol and kept at +4°C overnight before they were
analyzed. Reference formulation was applied on the forearms
of each volunteer, as described, after a 4-week wash-out and
SC repair period. The study was accomplished over a period
of 3 months.

Analytical Methods

High Performance Liquid Chromatography (HPLC)

OTC concentrations in TS samples were determined by
HPLC. It was performed by using a Hewlett-Packard Series
1050 chromatography and Hewlett Packard 3396 Series II
integrator system (Germany). The HPLC method was
obtained from the literature (15), but worked over for
better separation. Separations were carried out using an
ACE-5 C18 reverse-phase column, 25 cm×4.6 mm and
5 μm particle size (Advanced Chromatography Technolo-
gies, Scotland). Tape strips no. 3–15, applied on the same
treatment area, were extracted with 10 ml of methanol
overnight. The mixture was vortexed for 5 min before
analysis. The supernatant was filtered through a 0.22 μm
membrane filter, and 20 μl was injected onto the column.

The mobile phase was methanol:0.01 M oxalic acid buffer
(40:60, v/v) and delivered at a flow rate of 1 ml.min−1. The
eluate was analyzed at a wavelength of 354 nm. No internal
standard was used. Quality control (QC) samples were used
to assess within-day precision. The retention time of OTC
was 5 min. The method was linear over a concentration
range of 0.500–64.0 μg/ml.

The limit of quantification (LOQ) was defined as the
lowest OTC concentration that could be determined with a
precision below 15% and with an accuracy between 85
and 115%. The limit of detection (LOD) was defined as
the lowest concentration of the analyte that can be
detected above the baseline signal. It was estimated as
three times the noise level. LOQ and LOD values were
500 and 100 ng/ml, respectively. The within-day and
between-day precisions expressed as coefficient of varia-
tion (CV) % were in the range of 0.237–1.25%. Blank
samples of SC were extracted with metanol and spiked
with known amounts of OTC for the determination of
the recovery from tape strips. The recoveries ranged
from 96.6 to 103%.

Ultra Performance Liquid Chromatography Tandem Mass
Spectroscopy (UPLC-MS-MS)

OTC concentrations in dialysates were determined by
UPLC-MS/MS and corrected for in vivo recovery. The LC-
MS method obtained from the literature (16) was modified
for this analysis. An Acquity™ UPLC System with Quattro
Premier XE Tandem quadropole (Waters, USA) was used.
MS-tuned spectra of OTC released two product ions, m/z
425.85 and m/z 442.85, used for quantification and
confirmation, respectively. Separation was performed on
Acquity™ BEH C18 column, 100 mm×2.1 mm and 1.7 μm
particle size (Waters, USA) in positive-electrospray
ionization mode. Dialysate samples, diluted by metha-
nol, were directly injected into UPLC-MS-MS. Mobile
phase A contained 20:80 methanol:water with 8.25 mM
formic acid and mobile phase B contained 95:5
methanol:water with 8.25 mM formic acid under
gradient conditions with a flow rate of 0.25 ml/min.
Injection volume was 10 μl with a column temperature
of 35°C. No internal standard was used.Retention time
of OTC was 2.3 min. Calibration curve was linear over
the range of 0.5–100 ng/ml. Analytical recoveries of
OTC were 96.1–105%. Intra-day precision ranged from
2.10 to 8.87% CV. LOQ and LOD values were 0.6 and
0.2 ng/ml, respectively.

Data Analysis

For TS PK data, OTC content at the treated sites was
expressed as microgram OTC per square centimeterFig. 2 The scheme of the application of tape stripping procedure.
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application site (μg/cm2). Peak content (Cmax) was the
maximum observed OTC content of the DPK profile.
Time to Cmax (tmax) was that time point at which Cmax was
observed. Area under the OTC content-time profile (AUC)
values were calculated over the 0 to tlast-hour time interval
using the log-trapezoidal rule method (17). DPK analysis
was performed based on the one-compartment open model.
All PK parameters were calculated by WinNonlin®
Professional V.5.2.1 (Pharsight®, USA). The AUC and
Cmax were evaluated in order to assess BE of the test versus
the reference. Ninety percent confidence intervals (CI) were
calculated using the two one-sided test procedure, and
limits of 80–125% based on log-transformed data were
used as the acceptance criteria for BE.

For MD PK data, mean ± standard deviation (SD)
dermis concentrations of OTC were plotted versus time.
The midpoints of the dialysis intervals were used as time
points. The time of drug administration is referred to as
time zero. The maximum concentration in dermis (Cmax)
and tmax were taken directly from the data. The area under
the concentration-time profiles (AUC) were calculated
using log-trapezoidal rule method (17). AUC and Cmax

were evaluated in order to assess BE of the test and the
reference as described for TS data.

The independent t-test was used to assess differences
between means of paired PK parameters. Differences were
considered statistically significant at p<0.05. Linear regres-
sion analysis was used to evaluate the relationship between
TS and MD methods.

RESULTS

Relative Recovery Measurements

In these experiments, there was a linear correlation
between drug concentrations in the dialysate and bathing
medium over a wide range (r2=1.00). The linear regression
analysis of in vitro recovery experiments is shown in Fig. 3.

The slope of the regression analysis gave an in vitro RR of
63.8%. RR values during sampling periods varied between
56.7–64.6%.

In vivo RR value measured by the retrodialysis method in
human skin was found to be 66.2±1.8% (n=8) for dermis
and used to correct the dermis dialysate concentrations.

Pharmacokinetic Evaluation by Dermal Microdialysis

The time course of OTC levels in the dialysates of human
dermis for all volunteers is shown in Fig. 4. The intersubject
variability in OTC dermal concentrations ranged from
65.8 to 116% for the reference and from 88.1 to 136% for
the test. The AUC ratio for test/reference was 2.25±2.16
(±SD). AUC, Cmax and tmax values are given in Table I.
The BE of the test versus the reference was 89–135% for
AUC and 82–161% for Cmax with a 90% Cl, which is
outside of 80–125% BE criteria. The test product could not
be said to be bioequivalent to the reference as regarding log
transformed AUC and Cmax at 90% CI.

Probe Depth Measurements

According to ultrasound measurements, the mean probe
depth in the skin was found to be 1.5±0.3 mm (mean ±
SD, n=6) with a CV % of 1.7.

Dermatopharmacokinetic Evaluation by Tape
Stripping

The mean DPK profiles of OTC obtained for the test and the
reference in human forearm SC are shown in Fig. 5. The
intersubject variability in OTC contents at the individual
time points in the DPK profile ranged from 38.9 to
51.0% and from 19.2 to 45.0% for the reference and the
test, respectively. The AUC ratio for test/reference was
found to be 0.838±0.460 (±SD). AUC, Cmax and tmax

values are given in Table II. The BE of the test versus the
reference was 88–100% for AUC and 82–97% for Cmax

with a 90% CI. The test product was found to be
bioequivalent to the reference as regarding log trans-
formed AUC and Cmax at 90% CI.

DPK analysis was performed by WinNonlin® using
Eq. 4 (Table III):

C ¼ D:ka
V:ðka�kdÞ ðe

�kdt�e�katÞ ð4Þ

where C is the amount at SC (μg/cm2), t is the time after
the end of the application (hr), D is the dose (μg), ka is the
absorption rate constant (hr−1), and kd is the elimination
rate constant (hr−1). Vd, the volume of distribution (ml) is
calculated by multiplying V, the area of distribution, by the
mean SC thickness (20 μm) (18).Fig. 3 In vitro calibration of microdialysis probe for oxytetracycline HCl.
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Correlation Between Tape Stripping and Dermal
Microdialysis Methods

Correlations between the two methods were evaluated by
testing PK parameters of AUC and Cmax or their
logarithms from TS versus DMD results for the same
subjects. There was a weak correlation between TS and
DMD as regarding to AUC and Cmax values for both test
and reference (Fig. 6).

DISCUSSION

Two methods, namely the TS and MD are currently under
close examination for the assessment of topical BA and BE.
In dermatopharmacology, TS or DPK is used to assess
cutaneous drug levels in the skin after topical dermatolog-
ical treatment. It follows that TS is a particularly useful
method to assess the local BA of drugs whose target site is
the SC itself, such as antifungals, UVA/UVB filters or
antiseptics. TS method may also offer a real alternative for
local BA/BE assessment of topically applied dermatological
agents, whose target is the underlying viable tissues. As the
SC is usually the principle resistance to the penetration of
topically applied compounds, it has been argued that drug

levels in the barrier should be correlated with those attained
in the underlying skin layers, epidermis and dermis at
which many dermatological diseases are manifest (19). The
draft guidance describing the general procedures for
conducting a topical BA/BE study was published by the
US Food and Drug Administration (FDA) in 1998.
However, it has been withdrawn because of a number of
criticisms, such as interlaboratory variations and lack of
correlation between drug amount in SC and clinical
efficacy (3,20).

On the other hand, among the limited number of
methods available for the direct assessment of drug
concentrations in dermis, DMD is the only one that allows
unbound analytes to be sampled (9). DMD has the unique
advantage of being potentially useful in diseased skin;
clearly, this is less practical with DPK (21). Hence, MD
provides a PK profile, with high temporal resolution, of the
drug in the target tissue. As the level of unbound drug
generally determines the pharmacodynamic response, the
pharmacological relevance of the method is clear (11,19).
While DMD method strives to make measurements of the
drug in a true “biophase” of the skin, DPK method
attempts to establish the SC as the “surrogate” sampling
site. Thus, the close examination of the relationship
between DMD and DPK methods is a challenge with
respect to the assessment of topical BA/BE, even if the
sampling compartments are different in these methods.

In this study, DMD and TS methods were used to
continously sample the unbound concentration of OTC in
dermis and to sample the SC levels, respectively. OTC was
selected as a model compound on the basis of its suitability
for MD and wide commercial availability of its topical
formulations. Major limitations of the MD method are the
low recoveries of molecules with large molecular weights
(>20 kDa) and high lipophilicity or high protein binding of
some drugs (22). MD would be particularly appropriate for
OTC, because it is hydrophilic and has a low molecular
weight with a low protein binding of 20% (23). This was also
demonstrated by in vitro recovery experiments, which showed
a moderately high and concentration-independent transfer of
OTC across the dialysis membrane. Furthermore, DPK of
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Fig. 4 The mean oxytetracycline HCl profiles in the dermis for the test
and the reference in 10 healthy volunteers (Microdialysis results).

Table I Bioavailability Criteria for Test and Reference Formulations (Microdialysis Data)

Test Reference

BA criteria Mean ± SDa CV%b Mean ± SD CV% BE Limits for 90% CIc

AUC (ng/ml.hr)d 43.8±45.2 103 26.5±20.0 75.4 89–135

Cmax (ng/ml)e 21.1±23.1 109 10.6±9.45 88.9 82–161

tmax (hr)
f 1.25±1.11 88.4 1.65±1.24 75.3

a standard deviation; b coefficient of variation; c confidence interval; d area under the oxytetracycline concentration-time profile calculated over the 0 to tlast–hour time
interval; e maximum observed oxytetracycline concentration in dermis; f time point at which Cmax was observed
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OTC in the skin has not previously been studied, and two
commercial OTC topical products existing on the market
would enable a comparison of DMD and TS methods for
assessing the topical BE ofOTC in the same healthy volunteers.

To date, numereous cutaneous drug delivery studies
using MD have been published in humans (24–31).
However, topical BE studies using MD in humans are
limited (32–36). The first BE/BA study was the comparison
of dermal absorption rate and lag time (to) of lidocaine from
a microemulsion vehicle and a commercially available
o/w emulsion (Xylocain 5%) by MD in eight subjects.
The microemulsion vehicle was found to increase dermal
drug delivery (32). Another human BA study compared
tissue and plasma levels of 8-methoxypsoralen after oral
administration and topical application either in bath or a
cream. Concentration-time courses of 8-methoxypsolen in
the skin were assessed by MD in that study (33). Benfeldt et
al. investigated the BE of topical lidocaine cream and
ointment in eight healthy volunteers by DMD and TS
methods (34). DMD method was used for the assessment of
the BA of a ketoprofen topical gel formulation, and the
validity of the method was evaluated for the determination
of topical BE by the authors (35). More recently, a topical
BE study has been conducted to evaluate the topical BE of

three marketed topical metronidazole formulations by
simultaneous DMD and TS methods in humans. The
result of the BE evaluation of metronidazole formulations
was found to be dependent on the method employed (36).

MD data demonstrated that the measurable amounts of
OTC in dialysates were determined from the first sampling
points after the topical administration of the test and the
reference formulations in the present study. The large
variability of PK parameters following topical application,
which has been demonstrated in earlier studies, was also
observed for OTC (75.4% and 103% for AUC, 88.9% and
109% for Cmax). A high intersubject variability of 63% and
91% for AUC values was reported in a DMD study (32).
The findings were supported by another study, where
Tettey-Amlalo et al. found an intersubject variability of 68%
for concentration-time profiles after administration of
ketoprofen topical gel (35). Benfeldt et al. found CVs
around 41% for the parameter AUC and Cmax after the
topical administration of lidocain (34). A significantly lower
intersubject variability was reported for steady-state
salicylate tissue concentrations from 20% methylsalicylate
formulation (42%) compared to 7% glycolsalicylate formu-
lation (90%) (31). CVs of Cmax from concentration-time
curves of nicotine penetration were reported to be 48% (27).
Ortiz et al. also showed a very high intersubject variability
of 223, 116 and 165% for metronidazole penetration of
three different formulations (36). In the present study, one
probe was used for the reference and one for the test
application area, taking into account the invasiveness of
implanting more than two probes per subject at the same
time. Therefore, the intrasubject variability was not
evaluated in this study. However, the variability of PK
parameters from MD experiments generally appears to be
larger between individuals compared to within individuals,
when multiple probes are used for the assessment of
cutaneous penetration from a formulation (32,34,36).
Therefore, the observed variability in concentrations of
OTC and consequently in the PK parameters is attribut-
able to the interindividual difference in skin barrier
function, which is the major contributor to the variability
in cutaneous drug levels after topical application.
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Fig. 5 The mean amount of oxytetracycline HCl in the stratum corneum
of 12 healthy volunteers (tape stripping results).

Table II Bioavailability Criteria for Test and Reference Formulations (Tape Stripping Data)

Test Reference

BA criteria Mean ± SDa CV%b Mean ± SD CV% BE Limits 90% CIc

AUC (μg/cm2.hr)d 83.2±21.7 26.1 117±42 35.8 88–100

Cmax (μg/cm
2)e 26.1±6.8 26.0 40.7±17.6 43.2 82–97

tmax (hr)
f 2.08±1.02 48.9 1.92±1.13 58.7

a standard deviation; b coefficient of variation; c confidence interval; d area under the OTC content-time profile calculated over the 0 to tlast -hour time interval;
e maximum observed OTC content of the DPK profile; f time point at which Cmax was observed
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The influence of probe depth on the variability of
cutaneous MD data has been a subject of discussion in the
literature. However, most authors have not found a
correlation between drug levels in the skin and probe depth
(24,25). Ultrasound scanning confirmed that the location of
MD probes inside the dermis. The probes for the test and
the reference were inserted into the dermis of each
volunteer on a single occasion in the present study. Caution
in performing the insertion of the probes by the same
investigator was taken to ensure that they were always
placed in the dermis for all the subjects.

There were no significant differences in tmax of OTC
with respect to test and reference obtained from MD
sampling (p=0.457). On the other hand, the AUC values
for the test and the reference were significantly different,
showing that the mean AUC for the test is 2.25-fold higher
than that for the reference.

AUC values that are the main criteria of measuring
dermal delivery were used after logarithmic transforma-
tion. There is some evidence that this transformation would
be beneficial with high variability-exhibiting data (2).
Therefore, AUC and Cmax parameters were log-
transformed to achieve variance homogeneity. Although
the test could not be said to be bioequivalent to the
reference, the number of subjects used in this study should
be taken into account for this result. The number of
subjects necessary for an MD study to determine whether
two formulations are bioequivalent depends on the degree
of variability observed in the data. It was declared that
there is a reasonable chance of meeting the 80–125% BE
criterion with a total of 27 subjects at 90% CI when two
probes are used per formulation (34). In contrast, DMD BE
studies in the literature have been performed with 8 to 18
volunteers (32–36).

The insertion of the MD probe in soft tissues and the
skin has been reported to be no more painful than the
placement of an intravenous catheter (37). The subjects
participating in this DMD study did not experience any
extra discomfort during and after the insertion of the MD

probes, and they found the method acceptable. Therefore,
no local anaesthetic was needed for this semi-invasive
procedure. There was also no sign of bruising or pain
once the probe was removed from the skin. One of the
limiting factors of MD is the duration of a single MD
experiment, because of the requirement of resting in a
supine position, which may be somewhat inconvenient to
the subject. However, the duration of the present study was
well tolerated by all volunteers. These findings support the
feasibility of using MD for assessing percutaneous penetra-
tion of drugs.

The assessment of in vivo recovery is also an essential part
of using MD to study drug cutaneous PK. In vivo RR of
OTC was found to be similar to in vitro RR and time-
independent during the experimental period.

The HPLC method used for the analysis of TS samples
was not suitable for analysing MD samples, because of
inadequate analysis sensitivity. For this reason, a highly
sensitive UPLC-MS-MS method was used to measure
OTC concentrations in dialysates. This confirms that the
sensitivity of the analyzing technique may be a limiting
factor in MD research.

Table III Dermatopharmacokinetic Parameters of Oxytetracycline HCl
for Test and Reference Formulations

DPK parameter Test Reference

Vd (ml)a 2.24±1.05 1.66±0.96

ka (hr
−1)b 2.76±2.91 9.33±10.10

kd (hr
−1)c 0.167±0.105 0.244±0.219

to (hr)d 0.229±0.464 0.468±0.336

t1/2 (hr)
e 5.47±2.72 6.53±7.14

CL (ml/hr)f 0.304±0.108 0.398±0.528

a volume of distribution; b absorption rate constant; c elimination rate constant;
d lag time; e half life; f clearance

y = 0.0976x + 109
r² = 0.0019

y = -0.213x + 90.3
r² = 0.207
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Fig. 6 The correlation between tape stripping and dermal microdialysis
methods.
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Each subject served as his/her own control after a
4-week SC repair period for TS experiments, because even
if stripping remains a form of enviromental insult, a
homeostatic repair response in the epidermis is rapidly
elicited which results in rapid restoration of barrier function
(19).

TS data showed that OTC in SC can be easily
detectable for both formulations. This method is consider-
ably simple and noninvasive as declared in the literature
(38). No side or allergic effects were noted in the present
study. DMD was found to be comparatively more invasive
than TS. The results showed that tmax was similar for the
test and the reference obtained from TS (p=0.707).

DPK modeling of TS data was performed based on the
one-compartmental model. However, model fitting could
not be accomplished with two subjects for the reference and
with four subjects for the test because of the plateau-like
level of the terminal data sets for these subjects. Therefore,
the DPK parameters of these subjects were excluded from
the final determinations. DPK analysis yielded 3-fold higher
ka values for the reference. Half-life (t1/2), clearance (CL),
kd and Vd values of OTC for the test were not significantly
different from those for the reference. to values in modeling
were present for both formulations. tmax was longer in SC
than in dialysate.

The intersubject variability of OTC content in SC was
moderate, as it was compared to the dermal drug levels.
This variability coincides with the findings in literature.
Pershing et al. reported the intersubject variability in
tretinoin contents at the individual time points in the
DPK profile. With all products, it was approximately 50%
over the majority of 49 patients’ profiles (6). A similar
variation was seen for triamcinolone acetonide cream
formulation in 10 healthy volunteers (39). The coefficient
of variation in triamcinolone acetonide uptake was subject
dependent, ranging from 21 to 67%, with a mean of 38%.
Ortiz et al. also found that the “two-time” point DPK
method yielded data with much lower variability compared
to DMD data for metronidazole (36).

Local BA may be assessed either from the combined or
from the individual tape strips. An important source of
variability in the TS method comes from the nonuniform
removal of SC. The amount of SC in a single strip depends
on several factors, such as the site of application, type of
tape, mode of application (i.e. pressure force, removal rate
and duration of removal) and properties of the formula-
tions (40–42). In addition, variability is also due to
intrinsic biological factors, since each anatomical site has
a particular thickness of SC, number of cell layers, size
and amount of corneocytes, composition and amount of
lipids (43). Several methods (gravimetric, spectroscopic
and microscopic) have been proposed to quantify the
amount of horny layer removed on each TS (40). In this

study, the controlled removal of the SC was accomplished
by using the standardized 15 adhesive tapes and the mode
of application performed by the same person in each case.
It was shown that 90% of the drug concentration in the
SC is found in the first 10 strips (44). Therefore, the
number of tapes used for this study was a reasonable
number to take most of the drug present in SC. The first
two strips of 15 consecutive tape strips were discarded.
After cleaning the skin, this fraction of dose will not be
absorbed and should be discarded, especially in the case of
polar drugs. However, it is still not clear in the literature if
initial tape-strips should be accounted for or discarded
(40). Some authors think that with a well-defined cleaning
procedure, this significant fraction of drug can supply
valuable information (4).

BE was assessed by log trasformed data for TS as for
MD data in this study. By TS method, the test was found to
be bioequivalent to the reference. Therefore, MD and TS
gave different results with regards to the BE of OTC
formulations. This may be explained by the reservoir role of
SC, in this case for OTC. The amount of penetrated drug to
the dermis seems to be dependent on the formulation.

Skin absorption varies with the physicochemical nature
of the compound and the anatomical region of application
and formulation influences (45). The barrier function of
skin is clearly most pronounced with a hydrophilic
compound, while lipophilic ones can penetrate the skin
more easily (46). The role of SC in the penetration of the
water-soluble drugs acyclovir and pencyclovir have been
investigated by cutaneous MD, confirming SC as the
major barrier to hydrophilic drug absorption (47). In
general, to be well absorbed, a substance should have a
molecular mass less than 0.6 kDa, adequate solubility in
oil and water and a high partition coeffient (Koct~1–3)
(18,46). Being a hydrophilic drug, OTC is poorly
absorbed through the skin, which explains the difference
between the concentration profiles of OTC in dialysates
and TS samples. The concentrations in SC were much
higher, compared with the dialysates. It must be pointed
out that the measured concentrations in the dermis are
free (unbound) extracellular concentrations and not the
total concentration, which is a great advantage. However,
this is of no great importance for compounds with low
affinity to plasma proteins, such as OTC with a protein
binding of 20%.

The present study demonstrated that there has been no
correlation between the data of OTC in the dermis and SC
by both methods. The correlation between these methods
was weak as regarding AUC and Cmax. No significant
correlation was found between dermal MD levels versus
relavent TS levels of OTC for the test and the reference.
Such a relationship between DMD and DPK methods was
first investigated by Benfeldt et al. for BE of topical
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lidocaine cream and ointment in eight healthy volunteers.
Both methods showed higher absorption from the cream
formulation, thus showing that the formulations were
nonbioequivalent. Analyzing the correlations between
individual MD sampling points or AUC versus DPK results,
they showed a significant correlation for all time points for
ointment, whereas they found weaker or no correlations for
the two formulations analyzed together and cream formu-
lation alone, respectively (34). More recently, a BE study
has been conducted to evaluate the topical BE of three
marketed topical metronidazole formulations by simulta-
neous DMD and TS methods, showing no correlation
between them either (36).

CONCLUSION

Although it is accepted that the TS results may be
indicative of dermis concentrations, SC concentration was
found not to be predictive of OTC concentration in the
dermis in the present study. Moreover, the drug levels in
the living part of the skin, dermis, may be affected by the
factors such as absorption, distribution, metabolism and
disposition kinetics of the drug. The physicochemical
properties of drugs and the formulation effects are also of
great impact on dermal concentrations of drugs. TS is well
known to be a useful method to assess the penetration to
SC; however, MD sampling may be superior to TS for
obtaining dermal PKs and BE, whenever the underlying
viable tissue is the target organ. Nevertheless, DMD as a
method to be routinely used in topical BE studies has to be
explored extensively. It seems that more studies are needed
for a wide range of topical drugs to understand whether a
correlation between DMD and TS methods exists and to
investigate the effect of different formulations on this
relationship between the methods.
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