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Aims

 

The Transdermal Delivery System (TDS

 

®

 

) is a liquid formulation that can be applied
to the skin via a metered pump spray to deliver drug to the systemic circulation. The
aims of this study were to assess the ability of the TDS

 

®

 

 preparation to deliver
testosterone systemically, and to characterize the pharmacokinetic profiles of the
hormone in healthy males.

 

Methods

 

An open label, comparative, randomized placebo controlled study involving three
treatments and three periods with a minimum of a 1 week washout period was
conducted. Twelve healthy males received 50 mg TDS

 

®

 

-testosterone, TDS

 

®

 

-placebo,
and 50 mg of a commercially available topical testosterone preparation (Androgel

 

®

 

,
1% topical testosterone gel).

 

Results

 

The mean AUC(0,12 h) was higher following application of TDS

 

®

 

-testosterone
(61.8 ng ml

 

−

 

1

 

 h), compared with Androgel

 

®

 

 (57.7 ng ml

 

−

 

1

 

 h) and TDS

 

®

 

-placebo
(50.7 ng ml

 

−

 

1

 

 h. The mean 

 

C

 

max

 

 (0,12 h) was similar for TDS

 

®

 

-testosterone
(6.6 ng ml

 

−

 

1

 

) and Androgel

 

®

 

 (6.5 ng ml

 

−

 

1

 

) and these values were higher than those
for TDS

 

®

 

-placebo (5.7 ng ml

 

−

 

1

 

). Analysis of variance showed that the 90% confidence
intervals on the relative difference of the ratio for the AUC(0,12 h) and the 

 

C

 

max

 

(0,12 h) between TDS

 

®

 

-testosterone and Androgel

 

®

 

, were contained within the
bioequivalence limit (80, 125%) (

 

C

 

max

 

 89.2, 112.3% and AUC 93.5, 120.5%). Serum
testosterone concentrations were lower following TDS

 

®

 

-Placebo and were not
bioequivalent either to the gel or spray.

 

Conclusions

 

The TDS

 

®

 

 preparation was shown to deliver testosterone systemically to humans and
the concentrations of the hormone in the 12 h following TDS

 

®

 

 administration were
bioequivalent to an existing topical delivery gel.

 

Introduction

 

Testosterone (17

 

α

 

-hydroxyandrost-4-ene-3-one), is the
most important androgen secreted into the blood.
About 95% of the circulating testosterone present in
men is secreted by the testes, which produce between

3 and 10 mg of the hormone per day. Testosterone is
responsible for the development of secondary male sex
characteristics (e.g. increased growth of body hair,
beard, and sexual libido). Hormone concentrations are
higher during puberty, but decline with age [1] and
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testosterone replacement therapy may be indicated,
especially for hypogonadal (testosterone deficiency)
men.

A number of testosterone preparations have been
tested for replacement therapy. These include subcuta-
neous implants [2], scrotal transdermal patches [3],
non scrotal transdermal patches [4], oral and sublin-
gual preparations [5, 6], testosterone gel [7–9], and the
testosterone esters, enanthate and cypionate [10]. With
the exception of the transdermal preparations, none is
suitable for replacement therapy. Oral administration
of testosterone leads to absorption into the hepatic cir-
culation and rapid metabolism by the liver [11]. Behre
[12] reported that oral administration of testosterone
gives rise to wide fluctuations with high within and
between individual variability in serum testosterone
concentrations. It has been reported that methyltest-
osterone can cause hepatic toxicity and adversely
affect cholesterol concentrations following long-term
usage [13–15].

Sublingual preparations of testosterone result in
rapid increases in serum concentrations, which
decline to below the normal range after 2 h [6].
Occasional mild redness or itching is common with
transdermal patches. Although scrotal patches causes
less skin irritation than conventional transdermal
preparations, usage of the former leads to an increase
in dihydro-testosterone (DHT) concentrations after
3 months of treatment [16]. Testosterone gels have
also been developed, but care must be taken to pre-
vent the transfer of testosterone to another person.
Patients must wash their hands after applying the gel
to a substantial surface area of the body and they
must cover the application site with clothing once the
gel has dried [17]. We have developed a more conve-
nient method to deliver testosterone through the skin
via a metered pump dispenser, using the TDS

 

®

 

 deliv-
ery system (Transdermal Technologies Inc., Florida,
USA). This is a proprietary technology, which has
been developed for use in pharmaceutical, cosmetic
and over-the-counter products. The system consists of
a true solution of ethanol, propylene glycol, monolau-
rins, vitamins and pro-vitamins and cAMP energy
donors. The safety of the TDS

 

®

 

 system has been
evaluated and confirmed by the Institute for 

 

In Vitro

 

Sciences in Gaithersburg, Maryland USA, with
respect to primary dermal irritation, skin sensitization
and toxicity.

The aims of this study were to assess the ability of
the TDS

 

®

 

 preparation to deliver testosterone systemi-
cally and to characterize its pharmacokinetics in healthy
males.

 

Methods

 

Study materials

 

TDS

 

®

 

-testosterone (batch number MBR-BFLIQ84),
TDS

 

®

 

-placebo and Androgel

 

®

 

 (batch number 20293 RC)
were supplied by TransDermal Technologies, Inc., Flor-
ida, USA. TDS

 

®

 

-testosterone and TDS

 

®

 

-placebo were
supplied as a liquid formulation, delivered by metered
pump, with each spray containing 10 mg testosterone.
Androgel

 

®

 

 was supplied as a gel in unit-dose aluminium
foil packets of 5 g, each containing 50 mg testosterone.

 

Study design and treatments

 

This was a single dose, randomized, three-way cross-
over study (with three treatments, three periods, and six
sequences) with a minimum of 1 week washout period
between each treatment. The three treatments were
TDS

 

®

 

- testosterone 50 mg, TDS

 

®

 

-placebo, and Andro-
gel

 

®

 

 1% (50 mg).

 

Subjects

 

Twelve healthy males successfully completed the proto-
col. Six subjects were Caucasian, and six were from
other racial groups. The mean (SD) age of the subjects
was 29.0 (6.2) years, and the mean (SD) BMI was 24.1
(3.2) kg m

 

−

 

2

 

. The study was approved by the East Lon-
don and The City Health Authority Research Ethics
Committee and received a Doctors and Dentists Exemp-
tion Certificate (DDX) from MHRA (Medicines and
Healthcare Products Regulatory Agency), UK. All the
subjects gave written informed consent before taking
part in the study, and each fulfilled all entry criteria
based on physical examination, medical history, and
clinical laboratory tests.

 

Study protocol

 

On the morning of each study day, blood pressure and
heart rate were measured after subjects had rested for
10 min. A 20G cannula was placed in a large antecubital
vein for blood collection. The drug formulation was then
applied to the left arm and gently rubbed into the skin.
Regular meals and beverages were provided throughout
the study day. After dosing, subjects were permitted to
engage in normal daily activities, but were excluded
from significant physical exertion or activities likely to
stimulate endogenous testosterone production.

Approximately 4 ml of blood was collected at 

 

−

 

0.5
(30 min before dosing) and 0 h (immediately prior to
dosing), to establish a baseline measurement of serum
testosterone concentration. Subsequently, serial blood
samples were collected at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5,
6, 7, 8, 10, 12, and 24 h post dose. Samples were
allowed to clot for approximately 20 min at room tem-
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perature (26 

 

°

 

C) and were then centrifuged at 1800 

 

g

 

 for
10 min. The serum was transferred to labelled tubes and
stored at 

 

−

 

20 

 

°

 

C until analysis.

 

Testosterone analysis

 

Testosterone concentrations were measured in serum
using an Enzyme Link Immunosorbent Assay (ELISA)
method. The kit was obtained from DRG Instruments
GmBH, Germany, lot no. 29K064. The three sets of
testosterone control standards were obtained from Bio-
Rad Laboratories, USA (lot no. 40631, 40632, and
40633 for set 1, 2, and 3, respectively). The plate reader
used was a GENios, computer controlled fluorometer
from TECAN Company, Austria. The kit was validated
to demonstrate adequate sensitivity, specificity, recov-
ery, accuracy and precision (within and between assays).
The limit of quantification was 0.2 ng ml

 

−

 

1

 

 for the assay.
All the study samples were analyzed together with qual-
ity control samples containing three different concentra-
tions. The coefficients of variation for imprecision and
inaccuracy were all below 15%.

 

Data analysis

 

Pharmacokinetic parameters were determined and the
statistical analysis was performed using Kinetica Ver-
sion 4.2 software. 

 

C

 

max

 

 and 

 

t

 

max

 

 were determined directly
from the individual serum concentration-time curves,
and the AUC was calculated using the linear trapezoidal
method. The difference between treatments for
AUC(0,12 h) and 

 

C

 

max

 

 were analyzed after logarithmic
transformation using analysis of variance (

 

ANOVA

 

) for
crossover studies which accounts for variation due to
sequence, subject, formulation, and period.

Bioequivalence testing was based upon the 90% con-
fidence interval (CI) for the ratio of population means

between two treatments. This method is equivalent to
the corresponding two one-sided test procedure, with
the null hypothesis of bioequivalence at the 5% signifi-
cance level. For formulations to be bioequivalent, the
ratio (test : reference) must fall between the 0.8, 1.25
confidence interval [18].

 

Results

 

Figures 1 and 2 show the plots of mean serum
concentration of testosterone 

 

vs.

 

 time and mean serum
concentration changes from baseline. Testosterone con-
centrations fluctuated slightly in most of the subjects
during all the treatments. Most of the subjects treated
with Androgel

 

®

 

 and TDS

 

®

 

-testosterone achieved higher
concentrations compared with placebo at 24 h post
dose.

The pharmacokinetic parameters AUC, 

 

C

 

max

 

, and 

 

t

 

max

 

are listed in Table 1 for each treatment. The AUC and

 

C

 

max

 

 values were calculated for both 0–12 and 0–24 h.
The mean AUC(0,12 h) was higher following applica-
tion of TDS

 

®

 

-testosterone compared with Androgel

 

®

 

and TDS

 

®

 

-placebo. However, the mean AUC(0,24 h) for
Androgel

 

®

 

 was higher than TDS

 

®

 

-testosterone and
TDS

 

®

 

-placebo. The mean 

 

C

 

max

 

 (0–12 h) was similar for
TDS

 

®

 

-testosterone and Androgel

 

®

 

 and these values were
higher than that obtained for TDS

 

®

 

-placebo. Owing to
the higher concentrations of testosterone at 24 h in some
subjects, the mean 

 

C

 

max

 

 (0–24 h) value for Androgel

 

®

 

was higher than those for TDS

 

®

 

-testosterone and TDS

 

®

 

-
placebo. Only the 0–12 h data were used for the deter-
mination of bioequivalence.

The 90% confidence intervals on the relative differ-
ence of the ratio for the AUC(0,12 h) and the 

 

C

 

max

 

 (0–
12 h) between TDS

 

®

 

-testosterone and Androgel

 

®

 

, were
contained within the bioequivalence limit (80, 125%)

 

Figure 1

 

Plots of mean serum testosterone concentration 

(ng ml

 

−

 

1

 

) vs. time (h) for each treatment. TDS®-

placebo (�), TDS®-testosterone (�), Androgel® 

(�)
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(Cmax: 89.2, 112.3% and AUC(0,12 h): 93.5, 120.5%).
Serum testosterone concentrations were lower following
TDS®-placebo and were not bioequivalent either to the
gel or the spray.

Discussion
No serious or unexpected adverse events were reported
or observed during the study day. The drug formulations
and protocol requirements were well tolerated by all
subjects. Currently licensed transdermal delivery systems
are available as patches, gels and buccal tabs. Patients
report to us that patches may irritate the skin, gels can
take time to dry and leave a residue, while the buccal
tabs may be intrusive and have to be applied twice a day.
The TDS preparation appears to provide a more conve-
nient transdermal delivery of testosterone with rapid
drying, and low to no skin residue or irritation compared
with other transdermal systems. Based on these data we
now plan a phase II study in hypogonadal males.

The TDS®-testosterone preparation was shown to
deliver testosterone systemically to humans. The con-
centrations of hormone in the first 12 h following TDS®

administration were found to be bioequivalent to an
existing topical delivery gel.

This work was supported by a grant from the William
Harvey Research Foundation, QMUL UK and The
Langford Institute, Florida USA.
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