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Testosterone-containing pharmaceutical products for topical use were obtained from the pharmacist or
through the internet. The legal status of the different products obtained is discussed: some products
through the internet were clearly a medicinal product according to the current definitions, while they
are not registered as such. Assay and impurity profiles of each of the marketed samples were obtained
using HPLC-UV and ESI-iontrap MS. The analytical results were evaluated relative to the reporting, iden-
tification and qualification thresholds as defined by the the International Conference on Harmonisation
(ICH) and the European Pharmacopoeia (Ph. Eur.). Preparations with impurities above the qualification
threshold were observed. Moreover, in vitro release profiles over an artificial membrane were obtained
using a standardised cell in a paddle dissolution bath as well as in a static Franz diffusion cell, using phos-
phate buffered saline (PBS; pH 7.0) containing 5% bovine serum albumin (BSA) as dissolution or receptor
fluid. This biopharmaceutical quality attribute differs significantly between the preparations tested. In
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1. Introduction

The analytical characterisation and quality verification of semi-
solid, topical products involve many elements specific to this dos-
age form. The Ph. Eur. and the United States Pharmacopoeia (USP),
supported by international regulatory guidelines, provide guidance
and procedures for these dosage forms. General quality consider-
ations are forming the basis, including assay and impurity profiling
of related substances. Dosage form-specific quality attributes are
added which include in vitro release profiling. The “SUPAC-SS
Guidance” recommends in vitro diffusion cell testing for semi-solid
dosage forms when manufacturing or material changes occur to
compare the pre- and post-change release rates of the product
[1]. Nevertheless, the value and application of such in vitro release
systems are not as widely accepted as for oral dosage forms, i.a.
due to the use of several cell types, designs and operational proto-
cols (including solvents used) although the “Franz cell” has
emerged as the most popular design for testing the in vitro release
of topical semi-solid dosage forms [2-4].
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From a regulatory quality perspective, several texts have to be
considered in setting proper specifications against which the qual-
ity of pharmaceutical products is evaluated with the final purpose
to make a release decision. Releasing a pharmaceutical product im-
plies that the quality is sufficiently high and consistent, as justified
in the approved marketing authorisation (MA) dossier, so that the
probability of unwanted and unexpected harm to the patient is
minimised. At a global level, the ICH quality guidelines, adopted
by the European Committee for Proprietary Medicinal Products
(CPMP), describe how to deal with impurities and specification set-
tings in an international regulatory environment, i.e. sensu stricto
only at the phase of preparing the submission of a MA application
[5-7]. Recently, the Ph. Eur. has extended its mandatory general
monograph “Substances for pharmaceutical use” [8] with an
explanatory general chapter 5.10 “Control of impurities in sub-
stances for pharmaceutical use” [9]. While these are sensu stricto
only applicable on substances specifically monographed in the
Ph. Eur., the analytical procedures and/or acceptance criteria
(APAC) described therein are clearly a rational basis for other drug
substances and drug products as well [10].

Testosterone topical formulations are suspected for their inten-
sive off-label use [11,12] and their distribution occurs not only in a
controlled way through pharmacists, but also in rather uncon-
trolled ways via the internet; hence the importance of the pharma-
ceutical quality characterisation and comparison of a series of
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marketed topical testosterone preparations from different sources.
For the current study, six commercially available testosterone-con-
taining formulations were investigated using LC-UV(DAD)/ESI-MS
for assay and impurity profiling, as well as dissolution equipment
and Franz cells for the in vitro release characterisation. The analyt-
ical findings are compared and evaluated versus regulatory speci-
fications as currently defined.

2. Materials and methods
2.1. Products examined

Four testosterone-containing topical products were purchased
from the Ghent university hospital pharmacy: Testim® 50 mg gel
(Ipsen, Merelbeke, Belgium), Androgel® 50 mg gel (Laboratoires
Besins International, Paris, France), Tostrex® 2% gel (Strakan,
Tredegar, UK) and Intrinsa® 300 ug/24 h transdermal patch
(Proctor & Gamble Pharmaceuticals, Egham, UK). Two products
were obtained from the internet: Androtiv® 2% gel (Anastore,
Geneva, Switzerland) and Libido Edge™ “testosterone” cream
(Libido Edge Labs, Newark, USA). Their qualitative composition
from the packaging labelling is stated in Table 1.

2.2. Reagents

Phosphate buffered saline (PBS, 0.01 M) was purchased from
Sigma (St. Louis, MO, USA). Bovine serum albumin (BSA) was ob-
tained from Merck (Darmstadt, Germany). HPLC gradient grade
acetonitrile and methanol were purchased from Fisher Scientific
(Leicestershire, UK). LC-MS grade formic acid was purchased from
Fluka (Buchs, Switzerland). Water was purified using an Arium 611
purification system (Sartorius, Gottingen, Germany) resulting in
ultrapure water of 18.2 MQ c¢cm quality.

2.3. Liquid chromatography

The testosterone content was assayed using a validated HPLC-
UV method. The HPLC apparatus consisted of a Waters Alliance
2695 separation module and a Waters 2996 photodiode array
detector (DAD) controlled by Empower 2 software (all Waters,
Millford, USA). LC separations were performed using a Lichrospher
100 RP Cyg (125 x 4mm, 5 pum particle size) column (Merck,

Table 1
Qualitative composition of the formulations analysed (as given by the supplier).

Formulation Composition

Testim® Testosterone, ethanol, carbomer 980, carbomer 1342, propylene
glycol, glycerol, macrogol 1000, trometamol, pentadecalactone,
purified water

Testosterone, ethanol, carbomer 980, isopropyl myristate, sodium
hydroxide, purified water

Testosterone, ethanol, carbomer 1382, isopropyl alcohol,
propylene glycol, oleic acid, trolamine, butylhydroxytoluene,
purified water

Testosterone, sorbitan oleate, 2-ethylhexylacrylate-1-vinyl-2-
pyrrolidone co-polymer. Backing layer: translucent polyethylene
backing film printed with proprietary ink containing sunset
yellow FCF, latolrubine BK and copper phtalocyanine blue
pigment. Protective release liner: siliconised polyester film
Testosterone, alcohol, water, carbomer, tea, phenoxyethanol,
methylparaben, ethylparaben, propylparaben, butylparaben
Purified water, lanol, homeopathic testosterone in 10x, 30x and
100x potencies, somatropin (hHG) in 10x, 30x and 100x
potencies, montanov, liposome delivery system, triple strength
herbal complex of horny goat weed, Tribulus terrestris, Mucuna
pruriens, saw palmetto, natural omega oils, 1% micronised
dihydroepiandrosterone, diindolylmethane, sepigel, Germall

Androgel®

Tostrex®

Intrinsa®

Androtiv®

Libido Edge™

Darmstadt, Germany) maintained at 30 °C, with a mobile phase
consisting of a mixture of 45% (A) 0.1% m/V formic acid in water,
and 55% (B) 0.1% m/V formic acid in acetonitrile. The flow rate
was set at 1.0 ml/min. UV detection was done at 254 nm.

Related impurities were determined by liquid chromatography
electrospray ionization mass spectroscopy (LC-ESI-MS). The LC-
UV/MS apparatus consisted of a Spectra System SN4000 interface,
a Spectra System SCM1000 degasser, a Spectra System P1000XR
pump, a Spectra System AS3000 autosampler and a Finnigan LCQ
classic ion trap mass spectrometer (all from Thermo, San Jose,
CA, USA) equipped with a SPD-10A UV-VIS detector set at
254 nm (Shimadzu, Kyoto, Japan) and Xcalibur 1.2 software
(Thermo, San Jose, CA, USA) for data acquisition. LC separations
were performed using a Lichrospher 100 RP Cig (250 x 4 mm,
5 pm particle size) column (Merck, Darmstadt, Germany) main-
tained at 40 °C. The mobile phase consisted of a gradient mixture
of (A) H,O/methanol (45:55, V/V), and (B) pure methanol. The flow
rate was set at 1.0 ml/min. Mass spectroscopy was performed in
positive ion mode, and spectra were acquired in the mass/charge
range of 100.0-2000.0.

2.4. Determination of testosterone solubility in the dissolution medium

Before injection of the samples, BSA was precipitated by adding
an equal volume of acetonitrile. After 10 min of shaking at room
temperature, the samples were centrifuged for 10 min at 20,000g
and the clear supernatant was transferred into glass HPLC vials.
Additionally, the solubility of testosterone in the dissolution med-
ium at 32 °C was determined using this HPLC method on suitable
dilutions of the saturated solution obtained after 48 h incubation.

2.5. Microscopy

The different preparations were examined for their morphology
by light microscopy (Zeiss Axiostar Plus, Gottingen, Germany). A
small amount of the gels was placed in a Fuchs-Rosenthal counting
chamber (Superio Marienfield, Lauda-Konigshofen, Germany) and
examined at 50x magnification.

2.6. Dissolution experiments

Dissolution of testosterone into a PBS aqueous solution contain-
ing 5% m/V of BSA was measured using a standard Ph. Eur./USP dis-
solution apparatus with paddles (VK 8000 dissolution bath, VK
750 D pump and VK 7010 autosampler; all Varian, USA). Because
of the size of the extraction cell, the volume of dissolution medium
used was reduced from the standard 900 to 750 ml. Bath temper-
ature was maintained at 32+1°C and the paddles rotated at
75 rpm. The products examined were placed into an in-house
developed extraction cell similar to the one described in the Ph.
Eur. “paddle over extraction cell” method (see Fig. 1) [13]. Hydro-
philic mixed cellulose esters filter sheets with 0.05 pm pore size
(VMWP; Millipore, Schwalbach, Germany) were used as diffusion
membrane. Two ml samples were automatically taken at 0.5, 1,
1.5,2,3,4,5,6,7,8,10 and 12 h for testosterone content determi-
nation by HPLC-UV (see Section 2.4). The testosterone values were
correspondingly corrected for the sample amount removed with-
out replenishing.

2.7. Franz cell experiments using artificial membranes

Permeation experiments were carried out in 5 ml static Franz
diffusion cells (Logan Instruments Corp., New Jersey, USA). The
glass cells consisted of a donor compartment, containing the drug
preparation and a receptor compartment filled with the dissolution
medium as described above. The hydrophilic mixed cellulose esters
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Fig. 1. Paddel over extraction cell dissolution test.

filter sheets, identical to those used in the dissolution experiments,
were positioned between both cell compartments and held to-
gether with a clamp. A quantity of the formulation corresponding
to 3 mg of testosterone was topically applied to the surface of
the membrane and carefully spread to achieve complete coverage.
The donor compartment was covered with parafilm (American Na-
tional Can™, Chicago, USA) and the temperature of the acceptor
compartment was kept at 32 + 2 °C by a water jacket. The acceptor
fluid (5 ml) was mixed with a magnetic stirring bar (400 rpm). The
available diffusion area was 0.64 cm?® Samples (200 pl) were
drawn at regular time intervals from the sample port (0, 0.5, 1.0,
2.0, 4.0, 8.0 and 12.0h) and were immediately replaced with
200 pL fresh solution. The testosterone values were correspond-
ingly corrected for the replenishments.

2.8. Kinetic analysis of dissolution and Franz cell data

Mean dissolution time (MDT) was considered as a basis for
comparison of the dissolution rate and was estimated by the fol-
lowing equation [14]:

Jet-Ma(t)-dt  ABC

MDT =20 24/ = 2%
o Mq(t)-dt Mo

1)
where ABC is the area between the release curve and its asymptote,
calculated by the trapezoidal rule from time zero to the time-point
where the amount of dissolved drug is equal to a reference value
M. In this study, an arithmetic estimation of ABC was made using
trapezoidal rule.

3. Results
3.1. Liquid chromatography

The assay method was validated for specificity, linearity, accu-
racy and precision. The chromatograms obtained for testosterone,
progesterone and triamcinolone showed that the method was spe-
cific for testosterone, as related steroids were clearly separated.
Moreover, no interference was found between testosterone and
different excipients present in the formulations under investiga-
tion (ethanol, propylene glycol, isopropyl muyristate, glycerol,
methylparaben, ethylparaben, propylparaben and butylparaben).

Specificity was again confirmed by DAD peak purity testing. Line-
arity was obtained in the range of 0.05-100 pg/mL. Recovery
experiments showed no statistical significant loss of testosterone
due to sample treatment, confirming the accuracy. Precision was
determined by performing three replicates of three different con-
centrations covering the specified range, and a mean RSD of
0.51% was found. The limit of quantitation was found to be
0.17 pg/ml.

The method used for detecting impurities was based upon the
related substances test described in the European Pharmacopeia
5th edition monograph on testosterone [15]. The system suitability
was verified using the appropriate chemical reference substances
obtained from the European Directorate for the Quality of Medi-
cines (EDQM): a baseline separation between the peaks due to tes-
tosterone and 17p-hydroxyandostra-4,6-dien-3-one (impurity I)
was achieved. After calibration of the mass spectrometer according
to internal procedures, the measured mass of the reference impu-
rities corresponded to their calculated mono-isotopic mass. In con-
clusion, our methods were found suitable for their use of
quantification and identification.

3.2. Assay values and impurity profiles

The testosterone assay results obtained on the products exam-
ined are given in Table 2. All formulations were found to comply
with standard acceptance criteria (i.e. 95-105% of the label claim),
except for Libido Edge™ “testosterone” cream, where the testoster-
one content was below the limit of quantification of 0.17 pg/ml.
Although the name of this latter product suggests the presence of
testosterone in higher concentrations, this finding complies with
the ingredients list stating ‘“homeopathic testosterone in 10x,
30x and 100x potencies”.

Results on related substances are given in Table 3. The reporting
threshold for impurities was set at 0.05%. The active pharmaceuti-
cal product (API) Ph.Eur. specification criterion for the epimeric
testosterone impurity was maximally 0.50%, while for other indi-
vidual impurities a specification limit of 0.20% was applied. Based

Table 2
Assay values.

Formulation Origin Label claim Assay (% label claim);?
Testim® Pharmacy 1% m/m 102.82 (+0.98)
Androgel® Pharmacy 1% m/m 101.38 (+0.95)
Tostrex® Pharmacy 2% m/m 102.61 (¥2.20)
Intrinsa® Pharmacy 8.4 mg/patch 102.66 (+3.37)
Androtiv® Internet 2% m/m 100.18 (0.18)

Libido Edge™ Internet Homeopathic <LOQ"

2 % Label claim * standard deviation (n = 3).
b Limit of quantification = 0.17 pg/ml (assuming a density of 1).

Table 3
Related impurities.

a

Formulations n Impurities (%)

Oxidised Epitestosterone Highest Sum
testosterone unidentified
impurity
Androgel® 0 ND ND ND 0.00
Testim® 3 0.07 0.28 0.06 0.41
Tostrex® 7 0.05 0.41 0.19 1.01
Intrinsa® 8 0.12 0.28 0.18 0.98
Androtiv® 4 0.30° 0.55" 0.09 0.99

ND: Not detected.
2 n, number of impurities above reporting threshold of 0.05%.
b Above specification limit.
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upon the relative retention times, the UV-spectrum and the mass
spectrum, two of the impurities were identified in the products
examined: epitestosterone and oxidised testosterone. For the
Intrinsa® transdermal patch, an initial result of 1.45% was obtained
for the sum of impurities. However, upon careful examination of
the LC-UV/MS data, some of the peaks observed could be attrib-
uted to non-testosterone-related compounds, probably arising
from the patch itself, leading to a sum of testosterone-related
impurities of 0.98%.

3.3. Microscopy

Microscopical investigation of the four testosterone-containing
gel formulations (see Fig. 2) revealed a significant difference be-
tween Androtiv® and the other products: presence of highly abun-
dant, large needle-like crystals vs. a minor amount of spherical
particles, respectively.

3.4. Dissolution experiments

Due to the very low solubility of testosterone in water, a solubi-
lizer had to be added to the dissolution medium. From a regulatory
quality point of view, solvent-based dissolution/receptor media are
a last choice. Although ethanol-based solvents are quite often used,
this solvent was hence not retained for this investigation. As the
use of a biorelevant dissolution medium may be helpful in product
development and in establishing in vitro-in vivo correlations [16],
and BSA-containing receptor media are recommended for in vitro
transdermal investigations [17], we chose to add BSA to the phys-
iological PBS buffer used as dissolution medium. In order to deter-
mine a suitable BSA concentration in the medium, the solubility of
testosterone at 32 °C (i.e. the physiological skin temperature [18])
was determined at different levels. All experiments were per-
formed in duplicate and a mean RSD value of 3.88% was obtained,
which was considered acceptable for our purpose. The results

ANDROGEL

TESTIM

showing a linear relation between testosterone solubility and the
BSA concentration are given in Fig. 3. Based upon extraction cell
volume, testosterone concentration in the formulation and dissolu-
tion medium volume, the theoretical maximum testosterone con-
centration in the dissolution medium was calculated to be
0.23 mM (which is equivalent to 50 mg=0.17 mmol in 750 ml).
Although theoretical sink conditions (i.e. solubility exceeding
2.3 mM) would require higher BSA concentrations if all testoster-
one was to be released from the drug product, 5.0% m/V of BSA
was added to the dissolution medium. This BSA concentration cor-
responds to a testosterone solubility of 1.6 mM, and is generally
considered to be the mean albumin concentration in human serum
[19], resulting in a physiologically relevant dissolution medium.
Dissolution experiments on Libido Edge™ and Intrinsa® were not
performed as the former does not contain detectable amounts of
testosterone, and the latter is a transdermal patch which cannot
be compared with the gels under our experimental conditions.
The remaining four testosterone gel products were tested three
times each in a randomised way. Results of the dissolution tests
are shown in Fig. 4, where the mean cumulative amount of testos-
terone in the dissolution medium is plotted against time. At the
end of the experiment (i.e. after 12 h) the rank order of the
dissolution kinetics was as follows (from high to low): Tostrex®,
Androgel®, Testim® and Androtiv®. It should be noted that for Tes-
tim® a very high variability in the dissolution results was observed
in comparison to the other preparations. For a quantitative com-
parison of the release data from the different formulations, MDT
was calculated. In principle, estimation of MDT requires the time
at which the dissolution process is complete [20]. However, our
formulations are topical gels and therefore, the completeness of
the dissolution/Franz cell process cannot be truly considered. The
amount of testosterone released from Androgel® at the end of
the experiment (i.e. after 12 h) was chosen as a reference value
(Mo). This can be done because at this time-point, a steady-state
condition was reached for all formulations, resulting in a linear

ANDROTIV

TOSTREX

Fig. 2. Microscopic examination of testosterone gels.
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Fig. 3. Testosterone solubility (mM) in function of BSA concentration (95%
confidence intervals on the coefficients obtained from linear regression are given
between brackets).
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Fig. 4. Drug release profiles of the different testosterone preparations investigated
using a standard dissolution apparatus (mean cumulative amount of testoster-
one + SEM, n = 3).

relationship between amount of drug released versus time. The
ABC was calculated for each dissolution profile. If the reference va-
lue was not yet reached, the corresponding time-point was
estimated by performing linear regression on the last four time-
points (i.e. 7, 8, 10 and 12 h). The results obtained are given in
Table 4 and correspond well with the rank order obtained at the
end of the experiment. When comparing the two 2% gels, testoster-
one release from Androtiv® was five times lower compared to Tost-

Table 4
Drug release kinetics of the formulations investigated.

Formulations MDT in hours (+ STDEV)

Dissolution FDC
Androgel® 4.45 (+0.67) 7.21 (+2.48)
Tostrex® 4.39 (£0.65) 1.88 (£0.68)
Testim® 7.09 (£1.27) 17.41 (¢7.17)
Androtiv® 26.82 (+5.91) 9.71 (¢3.23)

rex®. Although the two 1% gels showed a much smaller difference,
their kinetic behaviour is completely different. Testosterone re-
lease from Testim® is linear over the whole time-curve, while the
dissolution profile for Androgel® shows a bending point [21] at
approximately 4 h after which the drug release rate is lowered.
While Testim® did not show a bending point at all and Androgel®
had a very late bending point of approximately 4 h, both Tostrex®
and Androtiv® showed a short bending point of less than 1 h.

3.5. Franz diffusion cell experiments

In addition to the “paddle over extraction cell” dissolution ap-
proach, the same four gels were tested in triplicate on Franz diffu-
sion cells in a randomised fashion. Results are shown in Fig. 5,
where the mean cumulative amount of testosterone in the receptor
fluid is plotted against time. The ranking order at 12 h was (from
high to low): Tostrex®, Androgel®, Androtiv® and Testim®. The high
variability noticed for Testim® in the paddle over extraction cell
dissolution tests could not be observed in the Franz diffusion cell
experiments. MDT values for each curve were calculated using
the amount of testosterone released from Androgel® at the end
of the experiment as a reference value and are given in Table 4.
If the reference value was not yet reached, the corresponding
time-point was estimated by performing linear regression on the
last three time-points (i.e. 4, 8 and 12 h). Both 2% gels behaved dif-
ferently: testosterone diffusion from Tostrex® is much faster com-
pared to Androtiv®. Testim® and Androgel® showed less
pronounced differences resulting in similar profiles, although the
diffusion rate of testosterone in the receptor medium was signifi-
cantly higher for Androgel®.

4. Discussion

HPLC-UV/DAD analysis, i.e. the traditional method for quality
control of drug substances and products, was used to determine
the testosterone content of six different commercially available
topical testosterone products obtained from a pharmacy and via
the Internet. Even though all testosterone-containing products
met conventional acceptance criteria on active pharmaceutical
ingredient content, some regulatory-legal issues still remain for
the internet-obtained products. Article 1 of Directive 2001/83/EC
[22] gives the formal definition of a medicinal product as currently
applied in Europe, consisting of two parts: any substance (or com-
bination) presented as having disease treating-preventing proper-
ties or having a physiological, pharmaceutical, immunological

450
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Fig. 5. Drug release profiles of the different testosterone preparations investigated
using a Franz cell approach (mean cumulative amount of testosterone + SEM, n = 3).
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metabolic or diagnostic action. Libido Edge™ did not contain a
detectable amount of testosterone, but nevertheless it is presented
as a testosterone cream claiming therapeutic effects such as blood
pressure regulation and prevention of depression (although there
is an explicit statement that FDA has not evaluated these state-
ments). On the other hand, Androtiv® was easily obtained via inter-
net and did contain testosterone at a 2% concentration as stated on
the product label. However, this product was clearly not a formal
pharmaceutical product as it did not contain a license number,
nor was the labelling and packaging conform to general pharma-
ceutical requirements. The product was sent to us from Spain,
although the declared marketing responsibility was from Switzer-
land. Last, in most EU countries, including Belgium (where the
product was ordered), testosterone is a prescription only medicine
(POM), while nothing was requested or informed on the Internet
on ordering. This demonstrates that steroid hormone products
can be easily obtained without proper control by competent
authorities or by medical supervision, while the internet user can-
not be expected to be aware of those health risks and legal
violations.

Impurity profiling is an important aspect of chemical quality
control. Therefore we investigated the five testosterone-containing
products for related substances by HPLC. UV detection alone may
be misleading, as unrelated substances may be extracted and de-
tected as well. Therefore, MS is an additional requirement in this
type of testing as it can differentiate the API-related impurities
from the matrix or excipient compounds. All Ph.Eur. monographs
are legally binding as stated in Directive 2001/83/EC [22]. The
Ph.Eur. gives limits of impurities in its API-specific monographs,
based upon the impurity profiles found in APIs of products in the
market. Therefore, the API-specific monograph reflects the current
status of API quality. Besides the API-specific monographs, there
are the mandatory general monographs which need to be com-
bined with the API-specific monograph. If this specific or general
monograph is explicitly referring to a general chapter, then this
general chapter becomes mandatory as well. Hence, the specific
monograph of testosterone API [15] is to be combined with the
general monograph of “Substances for pharmaceutical use”, which
is also mandatory and which refers to the general chapter “Impu-
rities”. This general chapter on impurities reflects the principles of
the ICH guideline Q3A and gives a decisional flowchart for inter-
pretation. Last ICH-Q3B deals with API impurities, arising from
degradation or interaction, in the finished drug products. While
the settings of specifications was, and still can be, a challenge
and often a matter of debate, there has been an evolution towards
a consensus around the above ICH guidelines. In principle, the API-
synthesis impurities which cannot be degradants in the forced deg-
radation products (FDPs) are sensu stricto not required to be incor-
porated in the FDP specifications as they are verified at the API
level. However, for transparent consistency and analytical inter-
pretation reasons, the FDP may encompass all related impurities,
i.e. not only the degradants and interaction products, but also the
API-synthesis impurities. Moreover, independent, external inspec-
tions will consider all related impurities as well. The Ph.Eur. mono-
graph on testosterone defines 10 specified impurities, which are
thus controlled by the monograph and limited as well. No other
detectable impurities (ODIs) are given. The general acceptance cri-
terion defined by the specification limit of ‘any other impurities’ is
0.1%, while the disregard limit is 0.05% (identical to the reporting
threshold of ICH-Q3A). As this is identical to the applicable identi-
fication threshold (maximum daily dose (MDD) of testosterone
equals 100 mg), unspecified impurities in API testosterone is lim-
ited to 0.1%. Limits for each specified impurity is explicitly given
in the monograph: 0.1% (impurities A, B, E, F, G, H and J), 0.2%
(impurities D and I) and 0.5% (impurity C). As the general qualifica-
tion threshold for impurities in API for this MDD is 0.15% (ICH-

Q3A), impurities C, D and I are considered safe at higher levels.
Next, evaluation of API impurities in drug products is done accord-
ing to ICH-Q3B, with a reporting threshold of 0.10% and an identi-
fication and qualification threshold of 0.20%. Impurities above the
qualification threshold may possibly present a risk, which should
in principle be assessed by geno- and sub-chronic toxicity tests.
Of course, when the Ph.Eur. specifies a limit above the qualification
threshold, then this higher level is considered safe. As such, we can
propose 0.20% for our investigation for individual specified and
unspecified impurities, except for impurity C (epitestosterone)
which has a limit of 0.50% (identical to Ph.Eur. limit in the API).
Acceptable levels of impurities were found for the drug products
with proper manufacturing authorisation, i.e. Androgel®, Testim®
and Intrinsa®. However, for Androtiv®, epitestosterone and a tes-
tosterone-related impurity identified as an oxidised compound
were observed above the acceptance thresholds of 0.50 and
0.20%, respectively.

Dissolution testing is a very important tool to characterise ac-
tive ingredient release from drug products, and is well established
for testing solid dosage forms [23]. Nevertheless, its usage is cur-
rently gaining more acceptances for other dosage forms, such as
semi-solid topical preparations [24]. In the latter case, a Franz dif-
fusion cell approach as recommended by the FDA is most often
used [25]. The composition of the dissolution and receptor medium
used for investigation of products containing water-insoluble
products requires special attention as the maintenance of sink con-
ditions is a challenge. Use of surfactants can be problematic, espe-
cially in the Franz diffusion cells, as they result in foaming and
formation of air bubbles during mixing [3]. On the other side, the
use of organic solvents as aqueous mixtures diminishes the phys-
iological relevance. The chemical characteristics of the membrane
do not generally influence the release rate of drugs from topical
dosage forms [2], with polysulfone, cellulose acetate, nylon, Teflon
and polycarbonate membranes being frequently used [25]. We
investigated the dissolution behaviour of four testosterone topical
preparations, and each clearly showed a significantly different
behaviour independent of the concentration, both in a standard
dissolution apparatus as in Franz cell experiments. The observed
differences between the formulations are due to the qualitative
as well as quantitative excipient differences. However, as the exact
quantitative compositions of these commercially obtained prod-
ucts are not known, the observed differences cannot be further as-
signed to formulation differences. Interestingly, both the
biopharmaceutical approaches used did not result in the same
ranking order or dissolution profile, although Tostrex® and Andro-
gel® showed the highest dissolution/diffusion rates in both the
techniques. This confirms that, given the variety of formulations,
sites of application and different release rates, no single test proce-
dure would be suitable for complete biopharmaceutical character-
isation and quality control of semi-solid topical dosage forms [24].
As no in vivo pharmacokinetic data is available, the risk of overdis-
criminating is acknowledged. However, for quality control pur-
poses and from a regulatory point of view, an overdiscriminating
test is preferred as it guarantees more consistency in quality, irre-
spective of its in vivo relevance.

5. Conclusions

Due to the continually increasing marketing techniques in a
globalized environment, it becomes very easy for patients/custom-
ers to obtain pharmaceutical products, defined by content or pre-
sentation. Especially, the Internet provides opportunities to
circumvent established safeguards. Findings of this study suggest
that topical preparations obtained via the Internet cannot be con-
sidered interchangeable with the prescribed drugs in terms of legal
status or impurity profiling. Moreover, none of the testosterone
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topical products investigated showed an equivalent biopharma-
ceutical behaviour.
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