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In vitro drug release tests are a widely used tool to measure the variance between transdermal product performances and required
by many authorities. However, the result cannot provide a good estimation of the in vivo drug release. In the present work, a new
method for measuring drug release from patches has been explored and compared with the conventional USP apparatus 2 and 5
methods. Durogesic patches, here used as a model patch, were placed on synthetic skin simulator and three moisture levels (29, 57,
198 µL cm−2) were evaluated. The synthetic skin simulators were collected after 1, 2, 3, 4, 6, and 24 hours and extracted with pH
1.0 hydrochloric acid solution. The drug concentrations in the extractions were measured by isocratic reverse phase high-pressure
liquid chromatography. The results showed that, with the increasing moisture level on the synthetic skin simulator, the drug release
rate increased. In comparison with the conventional USP method, the drug release results performed by the new method were in
more correlation to the release rate claimed in the product label. This new method could help to differentiate the drug release rates
among assorted formulations of transdermal drug delivery systems in the early stage of development.

1. Introduction

Transdermal patches delivers drug across skin to the cir-
culatory system to achieve therapeutic effects [1] or to
provide local effect of drugs. As one of the fastest growing
drug administration routes [2], it has several advantages
compared to other traditional delivery methods: controlled
release rate, more stable plasma concentration, noninvasive
administration, less frequent dosing, and simple application
without professional medical aids [3]. Yet, a common
problem with transdermal delivery systems is permeation
across stratum corneum, which limits the size and properties
of drug molecule to pass through. Hence, in addition to the
delivery device, skin also serves as another rate-limiting step
for many transdermal delivery systems [2, 4–6]. In general,
the flux across the skin is dependent upon the hydration
of the skin, partitioning, and transport across the stratum
corneum and the concentration gradient across the skin [7].
In vitro drug release test is an important characterization tool
to evaluate the performance of transdermal drug delivery

systems (TDDSs). Since this type of test is less costly and
easier to implement than in vivo studies [8], it is widely used
for many purposes during drug development, especially for
screening processes and stability assessment of new formula-
tions [9]. USP apparatus 5 (paddle over disc), USP apparatus
6 (rotating cylinder), and USP apparatus 7 (reciprocating
holder) are the recommended in vitro release testing method
for transdermal delivery systems by the authorities [8, 10],
but USP apparatus 2 has also been used in some in vitro stud-
ies of transdermal patches [11, 12]. However, the results of
these USP methods for some TDDS were found to be difficult
to correlate with the in vivo performances, especially for the
patches that depend on the skin resistance as the dominating
factor for the controlled release [13, 14]. USP methods
are, therefore, more useful in quality control processes of
TDDS, and permeation tests are commonly used alternatives
to give more comparable release profile as in vivo result
in transdermal formulation development. Franz diffusion
cell, horizontal-type permeation systems, and flow-through
diffusion cells are some well-known examples [15, 16].
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Figure 1: Illustration of the SSS method setup.

In these methods, a skin or synthetic membrane is placed
between the patch and a buffer, simulating the resistance
and penetration effects [17]. Several studies have shown
that hydration of skin and variation of skin or synthetic
membrane could influence the accuracy of the method [7,
18–20]. Hence, an easy-implemented testing method, which
could imitate resistance and penetration effect as skin and
test under limited moisture conditions, could be helpful in
the development of new formulations of TDDS.

Durogesic was used as the model test patch in this study.
It is a fentanyl controlled-release transdermal patch, which
is used for moderate to severe chronic pain relief. There are
four strengths of the dose on the market and their stated
release rate is claimed as 2.38 µg cm−2 h−1 for 72 hours [21].
The strength of the dose is proportional to the contact area of
the patch. Previous studies have found that the transdermal
delivery of fentanyl cause a depot in upper layers of the skin
[22, 23]. The depot accumulation of the drug causes delay
of drug delivery to the systemic circulation [24, 25]. This
indicates that the diffusion and penetration across skin are
the primary rate-limiting step of the fentanyl patches.

The purpose of this study was to develop a selective
and easy-to-handle test method that could imitate the drug
diffusion and moisture level of skin. The aim was that the
method should provide a good indication of the in vivo
performances and be helpful in screening different TDDS
formulations from their release rate in the early stage of
development.

2. Materials and Methods

2.1. Materials. The commercial matrix-type transdermal
patch, Durogesic patches (Janssen-Cilag, Belgium) with two
strengths, 12 and 75 µg/hr, was used as model patch. Fentanyl
base (MacFarlan and Smith, Edinburgh, UK) was a gift
from Orexo AB, Sweden. Dish sponge cloth (Wettex) is
produced by the Freudenberg group (Norrköping, Sweden).
The cloth is made of 35% cotton and 65% cellulose with

2 mm in thickness. In this study it served as a reservoir to
collect drug and a synthetic skin simulator (SSS) to mimic
the resistance and penetration effect. Its true density and
porosity were measured by gas pycnometer and the values
were 2.0543 g cm−3 and 93.7%, respectively. Reagent grade
of sodium hydroxide (NaOH), 37% fuming hydrochloric
acid (HCl) and monopotassium phosphate (KH2PO4) were
purchased from Sigma-Aldrich (Stockholm, Sweden). Phos-
phate buffer solution was made of NaOH and KH2PO4 and
its pH was adjusted to 6.8± 0.05.

2.2. Drug Release Test of Durogesic Patch on SSS. The SSS
of the correlated patch size (5.25 cm2 for 12 µg/hr patch
or 31.5 cm2 for 75 µg/hr patch) was prepared with three
different moisture level (29, 57, 198 µL cm−2) with pH
6.8 phosphate buffer and placed on a flat clean surface.
The Durogesic patch was placed on the SSS at ambient
temperature and humidity. Patch and SSS were placed on
a piece of parafilm and covered with a flat metal plate
on the top to avoid patch dislocation. The experimental
setting is illustrated in Figure 1. The patch was moved to
a new piece of wetted SSS after 1, 2, 3, 4, 6, and 24 hours
and the old SSS was collected and soaked in HCl solution
(pH1.0). The concentration of fentanyl in the solution was
measured using isocratic reversed phase high-pressure liquid
chromatography (HPLC). The experiments were performed
in triplicates and the error bars were denoted by confidential
interval. The fraction of drug release was calculated from the
total amount of drug in the patch which was referred to the
label claim [21].

2.3. Drug Release Test of Durogesic Patch Using USP Apparatus
5. Dissolution bath apparatus 2 with mini vessels (Sotax
AT7 Smart, Sotax AG, Switzerland) was used to perform
the release test for 12 µg/hr patches. The patches were fixed
in the so-called japaneese baskets and placed at the bottom
of the vessel in 200 mL pH 6.8 phosphate buffer. While for
75 µg/hr patches, dissolution bath apparatus 5 (Sotax AT7



Pain Research and Treatment 3

Table 1: Similarity factors, f2, comparing stated release profile and release measured by USP apparatus 5 and SSS method.

12 µg/hr Durogesic patch 75 µg/hr Durogesic patch

USP apparatus SSS method USP apparatus SSS method

f2 value 4.46 63.89 1.54 77.01

Smart, Sotax AG, Switzerland) was used. The patches were
glued to metal disks and placed at the bottom of the vessel in
900 mL pH 6.8 phosphate buffer with its release surface up.
Both dissolution tests were performed with paddle speed of
50 rpm at 37◦C. The concentration of fentanyl in the solution
was measured using isocratic reversed phase liquid HPLC.
The experiments were performed in duplicates and the error
bar of each point was denoted by the confidential interval.
The fraction of drug release was calculated from the total
amount of drug in the patch which was referred to the label
claim [21].

2.4. Analysis of Dissolution Curve. Similarity factor, f2, is one
of the statistic tools to compare the dissolution profile and
recommended by Polli and his colleagues [26]. It is also
used by FDA and EMEA guidelines to compare dissolution
curves for solid oral dosage forms [27, 28] and has been
adopted by many studies to compare dissolution profile of
different transdermal patch formulations [29–31]. Higher
f2 value indicates higher similarity of two profiles, that is,
two identical profiles gives f2 equals to 100. Two dissolution
profiles are considered comparable when f2 is larger than 50.
The formula of f2is shown as

f2 = 50× log

⎧
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(see [32]), P represents the number of time points for each
measurement and µi is the fraction of release at time point i.
Subscript t and r indicates test and reference, respectively. In
this study, tests were results from USP apparatus 5 and SSS
method, and the reference was the stated release profile.

3. Results and Discussion

3.1. Effect of the Amount of Moisture on the SSS on Release
Rate. Generally, accumulated moisture between patch and
skin is unavoidable and influences the rate of drug transport
across the skin [20] and, therefore, drug release rates from
the model patches were measured on the SSS with different
moisture levels. The results showed that the drug release
rate increased with increasing humidity level within 24
hours, see Figure 2. For both strengths of the patches,
the release rates were similar under low and moderate
moisture conditions but increased significantly under the
high moisture condition. Release profiles obtained under low
and moderate moisture on SSS were more similar to the
stated clinical release of the patch. The release profile of larger
patch had a higher correlation to the stated clinical release,
which might result from the less edge effect comparing to

smaller patch, that is, a smaller portion of the total amount
of drug was released from the edge of the larger patch.

The results showed that a change of moisture level could
cause the considerable change of the release profile and
that the diffusion of fentanyl from the patch increased with
the amount of accessible moisture. Therefore, the level of
humidity on SSS should be carefully chosen to simulate the
proper moisture between the patch and the skin. In this
study, the moderate humidity, that is, 57 µL cm−2, added to
the SSS was the most suitable for Durogesic patch.

3.2. Comparison of an USP Method and the SSS Method. As
shown in Figure 3, Durogesic patch released more than 90%
of fentanyl content within 5 hours using the USP method for
both strengths, while the release profiles obtained by the SSS
method with the moderate humidity on the SSS indicated
a prolonged drug release. The release profiles were also
compared with stated release of the patch, using similarity
factor, as shown in Table 1. The results showed that the
dissolution profile obtained from the SSS method was more
comparable to the release claimed in the product label. In
addition, the results correlates well to results reported in a
previous study using the Franz cell method where the drug
release rate varied between 1400 to 2600 ng cm−2 h−1 [33].

Further, the drug release could be limited by a low
dissolution rate of fentanyl in PH 6.8 and thus did not fit
either the zero or first order release model [34]. Since the
USP method provides sink condition, drug can be released
with less “skin resistance.” This leads to a overestimation of
the drug release from the patches where the drug diffusion
mainly depends on skin permeation, thereby showing low
correlation with the drug release profile with in vivo studies
[13]. The results in this study indicate that the SSS method
could imitate the skin resistance effect better than the USP
method for Durogesic patches. The new method could
therefore simulate the diffusion resistance and thus provide
a significantly better estimation of in vivo performance than
the USP method.

3.3. Limitations of the SSS Method and Further Work. The
SSS method is an easy-implemented method developed
for screening transdermal formulations in the early
development. However, during the experiment, incomplete
extraction of the drug from the SSS and drug release from
the edges of the patch could be a possible source of errors
in the measurement of drug release profiles. Fentanyl has
a much higher solubility at lower pH [34] and the drug
diffusion was regarded in equilibrium after extraction. Thus,
nearly all amount of the drug should be released from the
SSS and extraction should be considered to be complete. We
found that a small amount of fentanyl was further released
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Figure 2: The effect of amount of moisture on the SSS on the drug release rate of Durogesic patches (12 µg/hr (a); 75 µg/hr (b)). The error
bars denote the confidential interval (n = 3) and are shown where they exceed the dimensions of the symbols.
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Figure 3: Comparison of the in vitro release profiles of 12 µg/hr (a) and 75 µg/hr (b) Durogesic patches using SSS and USP method with the
stated release, error bars denote confidence intervals (n = 3) and are shown where they exceed the dimensions of the symbols.

from the SSS after the first extraction. To minimize drug
leaking out from the edge of the patch, the SSS was cut
in the same size as the patch. Although those effects were
insignificant, other error sources, such as evaporation of
moisture, saturation on SSS, and temperature effect, could
exist in the SSS method. Sealing the patch and SSS, replacing
the SSS more frequently and testing under 32◦C could help
to reduce the potential errors.

The scope of this study was to give a preliminary
evaluation on the SSS method and a understanding of the
effect of the amount of moisture on the drug release profiles
of Durogesic patches. There are more interesting aspects
that could be further investigated, such as estimation on the
evaporation during testing, investigation of the saturation
effect of the SSS, and assessment on other commercial
transdermal products.

4. Conclusions

A simple, low-cost, and selective method for measuring
release rate of transdermal drug delivery system has been
developed and evaluated. This method is based on a
moisturized synthetic skin simulator (SSS), providing release
resistance as well as a moisture and reservoir function for
the drug released from the model patch. It was found that
the drug release rate increased with increasing humidity level
on SSS. This method showed a more valid way to measure
the drug release profile than using the conventional in vitro
release USP method. It could be particularly helpful in the
work of screening various formulations in an early stage
of research and development of transdermal drug delivery
systems.
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[16] S. Azarmi, W. Roa, and R. Löbenberg, “Current perspectives in
dissolution testing of conventional and novel dosage forms,”
International Journal of Pharmaceutics, vol. 328, no. 1, pp. 12–
21, 2007.

[17] B. W. Kemppainen and W. G. Reifenrath, Methods for Skin
Absorption, CRC Press, Boca Raton, Fla, USA, 1990.

[18] Y. Levintova, F. M. Plakogiannis, and R. A. Bellantone, “An
improved in vitro method for measuring skin permeability
that controls excess hydration of skin using modified Franz
diffusion cells,” International Journal of Pharmaceutics, vol.
419, no. 1-2, pp. 96–106, 2011.

[19] D. A. Van Hal, E. Jeremiasse, H. E. Junginger, F. Spies, and
J. A. Bouwstra, “Structure of fully hydrated human stratum
corneum: a freeze-fracture electron microscopy study,” Journal
of Investigative Dermatology, vol. 106, no. 1, pp. 89–95, 1996.

[20] E. W. Smith and H. I. Maibach, Percutaneous Penetration
Enhancers, CRC/Taylor & Francis, Boca Raton, Fla, USA, 2nd
edition, 2006.

[21] A. M. MacConnachie, “Fentanyl transdermal (Durogesic,
Janssen),” Intensive and Critical Care Nursing, vol. 11, no. 6,
pp. 360–361, 1995.

[22] R. B. R. Muijsers and A. J. Wagstaff, “Transdermal fentanyl:
an updated review of its pharmacological properties and
therapeutic efficacy in chronic cancer pain control,” Drugs, vol.
61, no. 15, pp. 2289–2307, 2001.

[23] V. Coopman, J. Cordonnier, K. Pien, and D. Van Varenbergh,
“LC-MS/MS analysis of fentanyl and norfentanyl in a fatality
due to application of multiple Durogesic transdermal thera-
peutic systems,” Forensic Science International, vol. 169, no. 2-
3, pp. 223–227, 2007.

[24] G. K. Gourlay, S. R. Kowalski, J. L. Plummer, D. A. Cherry,
P. Gaukroger, and M. J. Cousins, “The transdermal admin-
istration of fentanyl in the treatment of postoperative pain:
pharmacokinetics and pharmacodynamic effects,” Pain, vol.
37, no. 2, pp. 193–202, 1989.

[25] A. M. MacConnachie, “Analgesics in the management of
chronic pain. Part five: step 3 parenteral analgesic drug
therapy,” Intensive & Critical Care Nursing, vol. 15, no. 1, pp.
58–60, 1999.

[26] J. E. Polli, G. S. Rekhi, L. L. Augsburger, and V. P. Shah,
“Methods to compare dissolution profiles and a rationale for
wide dissolution specifications for metoprolol tartrate tablets,”
Journal of Pharmaceutical Sciences, vol. 86, no. 6, pp. 690–700,
1997.

[27] Note for guidance on the investigation of bioavailability and
bioequivalence, C.f.p.m. products, T.e.a.f.t.e.o.m. products,
and E.o.m.f.h. use, Ed, European Medicines Agency, London,
UK, 2000.

[28] B. Documentation, “Guidance for industry? Immediate release
solid oral dosage forms,” Pharmaceutical Process Scale-Up, vol.
118, p. 353, 2001.

[29] K. D. Mpharm, K. P. Mpharm, and S. Chakravarthi, “Prepa-
ration and evaluation of transdermal plasters containing
norfloxacin: a novel treatment for burn wound healing,”
Eplasty, vol. 10, article e44, 2010.

[30] S. T. Prajapati, C. G. Patel, and C. N. Patel, “Formulation
and evaluation of transdermal patch of repaglinide,” ISRN
Pharmaceutics, vol. 2011, Article ID 651909, 9 pages, 2011.

[31] M. X. Zhou, D. Shoudt, G. Calderon, and M. Feng, “Applica-
tion of USP apparatus 7 to in vitro drug release in scopolamine



6 Pain Research and Treatment

transdermal systems,” Dissolution Technologies, vol. 14, no. 2,
pp. 25–30, 2007.

[32] V. P. Shah, Y. Tsong, P. Sathe, and J. P. Liu, “In vitro dissolution
profile comparison—statistics and analysis of the similarity
factor, f2,” Pharmaceutical Research, vol. 15, no. 6, pp. 889–
896, 1998.

[33] R. H. Larsen, F. Nielsen, J. A. Sørensen, and J. B. Nielsen,
“Dermal penetration of fentanyl: inter- and intraindividual
variations,” Pharmacology and Toxicology, vol. 93, no. 5, pp.
244–248, 2003.

[34] S. D. Roy and G. L. Flynn, “Solubility behavior of narcotic
analgesics in aqueous media: solubilities and dissociation con-
stants of morphine, fentanyl, and sufentanil,” Pharmaceutical
Research, vol. 6, no. 2, pp. 147–151, 1989.


	Introduction
	Materials and Methods
	Materials
	Drug Release Test of Durogesic Patch on SSS
	Drug Release Test of Durogesic Patch Using USP Apparatus 5
	Analysis of Dissolution Curve

	Results and Discussion
	Effect of the Amount of Moisture on the SSS on Release Rate
	Comparison of an USP Method and the SSS Method
	Limitations of the SSS Method and Further Work

	Conclusions
	Conflict of Interests
	Acknowledgment
	References

