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Abstract

We compared in vivo transport and biodistribution of ketoprofen applied on the skin in ultradeformable carriers (Diractin®) or a conventional
topical gel (Gabrilen®) with oral drug (Oruvail®); for reference we used in vitro study data. The drug from Gabrilen® diffuses into body with
low bioavailability (<10%) and limited regio-selectivity (AUC(deep muscle/plasma) ∼45/0.8 (t = 0–8 h), reaching maximum concentration in
subcutaneous tissues and plasma at similar time (tmax ∼3–4 h). The apparent drug elimination half-life is then similar to oral ketoprofen (t1/2,a

∼2 h). In contrast, Diractin® containing ultradeformable carriers (Transfersome® vesicles) delivers the drug more efficiently (>50%) and more
directly into peripheral muscles (AUC(deep muscle/plasma) ∼447/0.7 (652/1.4) for t = 0–8 (0–24) h; tmax ∼1 h), arguably in non-diffusive
fashion. Ketoprofen from Diractin® moreover disappears from body periphery slower (t1/2,a ∼4–6 h), owing to sustained drug release from the
carriers in target tissue. Final clearance always proceeds via plasma (tmax ∼4 h). Epicutaneous application of ketoprofen in conventional gels
or the carrier-based formulation thus leads to different local accumulations and clearances. Ketoprofen from Diractin® achieves more desirable
biodistribution and clearance, arguably due to spontaneous carrier-mediated drug transport across the skin, which ensures local and relatively

long-lasting drug deposition into peripheral target tissues.
© 2008 Published by Elsevier B.V.
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. Introduction

Topical NSAIDs are usually applied on the skin in a con-
entional gel or a patch (Heyneman et al., 2000). The aim is
o reach deep subcutaneous tissues for direct treatment (Lin
t al., 2004; Vaile and Davis, 1998), i.e. sparing residual body
rom the drug’s adverse side effects. The list of commercially
vailable products includes topical preparations of ketoprofen,
broad activity NSAID suppressing cyclooxygenase as well as

ipoxygenase activity.
According to originators information, ketoprofen availabil-

ty in humans is ∼90% for all oral formulations, compared with
n intravenous injection. For 75–200 mg single oral doses, the
rea under the curve is moreover dose proportional. Food intake

ith a fast-release tablet Oruvail® (Sanofi-Aventis) reduces
eak concentration cmax by ∼50% and delays its appearance
tmax ∼1.2 h [range: 0.5–3 h] for fasting subjects; tmax ∼2.0 h
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range: 0.75–3 h] for fed test people). Circadian changes in
he drug absorption also lead to cmax fluctuations. Ketopro-
en is >99% bound to plasma proteins, mainly to albumin. The
rug half-life is t1/2 = 2.1 ± 1.2 h for the fast and t1/2 = 5.4 ± 2.2
or the slow release tablet. The difference is due exclusively
o slower drug uptake in the latter case, as oral-dose clear-
nce is in either case essentially the same: CL = 6.9 ± 0.8 and
.8 ± 1.8 L h−1, respectively. (Following an intravenous drug
njection, ketoprofen elimination half-life is t1/2 = 2.05 ± 0.58 h
mean ± S.D.].) After a single 200 mg (retarded) dose of
ruvail®, the plasma drug concentration declines slowly to an

verage value of 0.4 �g mL−1 at t = 24 h. By then, ∼80% of
etoprofen has been excreted in the urine, primarily as the glu-
uronide metabolite. The area under the curve in human blood is
UC0–24 h = 32.1 ± 7.2 and 36.6 ± 8.1 �g h mL−1 in fasted and

ed individuals, respectively.
Local delivery makes the drug pharmacokinetics more com-
lex for at least two reasons: the difficulty of overcoming the
rimary, permeability barrier of the skin (Walters and Hadgraft,
993) and subsequent cutaneous clearance (Singh and Roberts,
994a,b; Hadgraft et al., 2000; Clough et al., 2002; Higaki et

mailto:info@idea-ag.de
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l., 2002; Monteiro-Riviere et al.,1993; Kretsos and Kasting,
005; Cevc and Vierl, 2007). The problem of local clearance is
ravest for the molecules with a high permeability coefficient in
he skin, including all topical NSAIDs (Hadgraft et al., 2000),
s such molecules can also enter blood vessels relatively easily.

For example, all marketed topical NSAIDs are cleared
rom the skin extensively, as witnessed by occasional gas-
rointestinal haemorrhage observed after their excessive usage
Figueras et al., 1994). The whole body reservoir may feed
ack the drug into peripheral organs. To ensure that a topically
pplied NSAID will act safely and directly in deep subcutaneous
issue, one must therefore control the drug’s elimination from
he organ. Ideally, one wishes minimum NSAID diffusion into
uperficial blood vessels, and through them into whole body,
nd maximum drug’s propensity to reach deep tissue below the
kin. Arguably, such opposite goals cannot be achieved by way
f simple drug diffusion.

We introduced an approach to drug delivery (Cevc, 1996,
997, 2002, 2004) that can overcome said problems. Its basis
s an ultradeformable and very hydrophilic aggregate carrier,
o called Transfersome®.1 The aggregate is a vesicle loaded
ith the drug. The drug loaded ultradeformable vesicle was

hown to penetrate the skin spontaneously and independent
f concentration (Cevc and Gebauer, 2003) to carry its cargo
hrough the primary and past the secondary skin barrier into
eep subcutaneous tissue (Cevc and Blume, 2001). The pro-
iso is preservation of the carrier’s physical integrity, which has
een confirmed in a special study (Cevc et al., 2002), and is also
ackled less directly in this work.

Our closest previous publication (Cevc and Blume, 2001)
ealt with a popular NSAID, diclofenac (MW = 296 Da; pKa = 4
n water; pH-independent partitioning coefficients log Po/w = 4.5
neutral] and 0.7 [ionic]), delivered through the skin of
iving rodents or pigs from a conventional gel (Voltaren®

mulgel®, Novartis) or with the ultradeformable carriers,
he Transfersome® vesicles. We now also developed several
arrier formulations comprising another NSAID, ketoprofen,
f broadly similar molecular characteristics (MW = 254 Da;
Ka = 4.4 in water; pH-independent partitioning coefficients
og Po/w = 3.16 [neutral] and −0.95 [ionic]), and with very
ttractive biological characteristics (Kantor, 1986).

The key pharmaceutical characteristic of our lead formu-
ation are described in the accompanying paper (Cevc et al.,
ubmitted for publication-b) together with some basic in vitro
rug transport data; the parallel paper also makes a preliminary
n vivo comparison of ketoprofen in ultradeformable carriers and
n conventional topical gels. Here we present a more extensive
reclinical data set for both kinds of formulations. We mainly
ocus on the drug concentration in porcine peripheral tissues
→efficacy) and serum (→safety) after a single epicutaneous
r an oral drug application. We conclude that ultradeformable

esicles loaded with the drug cross the skin on their own accord,
s is explored in further detail in a separate paper (Cevc et al.,
ubmitted for publication-b). This allows the carriers to deliver

1 Transfersome® (= carrying body) is a registered trademark of IDEA AG.
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etoprofen efficiently and directly into deep peripheral tissues,
uch as targeted superficial and deep subcutaneous muscles.
ocal usage of ultradeformable carriers loaded with ketoprofen
oreover prolongs the drug’s residency time in such tissues.
An important further finding of our study is that relative drug

oncentration in deep subcutaneous tissue increases approx-
mately linearly with the applied drug/carrier dose per area.
onversely, the systemic drug concentration is one to two orders
f magnitude lower and proportional to total applied product
ose. The starting drug concentration on the skin thus arguably
hould not influence ketoprofen delivery with ultradeformable
rug carriers through the organ, unlike in case of conventional
SAID topical gel usage.

. Materials and methods

Test articles: The novel NSAID formulation, Diractin®

=IDEA-033) contains ∼2.3% sodium ketoprofen, carbomer,
ethylparabene, and a small amount (<5%) of short chain alco-

ols (benzyl alcohol, ethanol, glycerol) in an adequately buffered
queous suspension of highly adaptable carriers (with soybean
hosphatidylcholine and polysorbate as their main ingredients).
utylhydroxytoluene and linalol are also present in formu-

ation. All tested Diractin® formulations were manufactured
y or on behalf of IDEA AG. Gabrilen® gel, according to
anufacturer’s specifications (Kreussler Pharma GmbH, Wies-

aden, Germany), contains 2.5% sodium ketoprofen, ethanol,
-propanol, carbomer, ammonia solution and purified water.

The oral comparator was Ketoprofen-ratiopharm® 50 (ratio-
harm GmbH, Ulm, Germany), containing 50 mg ketoprofen
er tablet.

Carrier characterisation in Diractin®, or its precursor sus-
ension, was done with the proprietary test assays of IDEA AG
for a brief description see ref. Cevc et al., 2003), confirming the
roduct’s compliance with specifications. The assays done for
his study included the carrier deformability test, involving vesi-
le passage through an artificial semi-permeable barrier (with
ores >4× narrower than the average vesicle diameter), and the
arrier stability check (with the dynamic light scattering) after
uch passage. Each test was done at least in triplicate.

Drug diffusion experiments in vitro are described in greater
etail in our accompanying publication (Cevc et al., submitted
or publication-b). In brief, miniaturised Franz-diffusion cells
ere employed to measure the drug diffusion in vitro through
icrotomised human skin (thickness: 400 �m) following all the

elevant authority recommendations (FDA, 1997).
Short-term animal experiments in vivo always involved

eutered male hybrid piglets (∼8–12 kg body weight) supplied
y a local farm animal breeder, and generally adhered to the
rinciples of Animal Care (NIH Publication #85-23, revised in
985). We used three to six animals per group in the exper-
ments with oral drug, conventional topical gel products, or
iractin®. Total number of the animals investigated with each
ested product is given in figure captions.
The test piglets were anaesthetised with ketamine (15 mg

er kg body weight [BW]), azaperone (2 mg kg−1 BW) and
ropofol (30–50 mg kg−1 BW, according to anaesthetic effect),
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fter insertion of jugular vein catheter but before executing any
urther potentially painful procedure. We always used the ani-
al’s hind limb for testing, to minimise site-to-site variability

ffects (Shah et al., 1996). The hair at such site was trimmed
hort with an electric hair clipper, avoiding any skin dam-
ge, and washed with lukewarm water prior to the test product
pplication. The designated application area (∼100 cm2) was
hen marked with water-resistant ink. Either 2 mL of a conven-
ional gel or 2.2 mL of a gel containing ultradeformable carriers
ere distributed uniformly over a non-occluded skin surface for

he 50 mg ketoprofen dose per pig, corresponding to approxi-
ately 5 mg kg−1 BW. To achieve different doses we adjusted

he applied gel volume per area, unless stated otherwise further
n the text.

Before tissue sampling, the skin on the hind limb was stripped
0 times with adhesive tape to remove residual test material and
he stratum corneum. The skin was then carefully excised. This
pened way free to gather the skin-free biopsies of subcutaneous
at and the underlying muscles, with a biopsy punch (diam-
ter: 5 mm; up to a depth of ∼3 cm). Each biopsy sample was
eparated into a specimen of subcutaneous fat tissue, the superfi-
ial (≤15 mm depth), and deep (15–30 mm depth) muscle tissue
ample. The resulting wound was taken care of immediately after
he sampling, under a prophylactic analgesia by s.c. injection of

eloxicam. (For avoidance of doubt: every given time point
elates to one sample taken from different part of the skin and
uscle.) In parallel, blood samples were taken from the jugular

ein catheter to gain sodium citrate plasma samples. Ketoprofen
oncentration in plasma and tissue samples was determined with
validated bioanalytical method described further in the text.

To determine residual product amount on the skin 24 h post
he drug application, a circular piece of treated skin was care-
ully excised from the treated site. The epidermis including
he stratum corneum was removed from the skin using the
sual thermo-facilitated separation (∼60 ◦C, 30–90 s, depend-
ng on the sample size). Ketoprofen concentration of the stratum
orneum and the dermis was again determined separately with
he validated bioanalytical method.

All tissue and plasma samples were promptly frozen
t −20 ◦C and stored protected from light. After the last
iopsy had been collected, the test animals were killed
y an intravenous injection of a mixture of embutramide
1 mg kg−1 BW), mebezonium iodide (0.25 mg kg−1 BW), and
etracaine (25 �g kg−1 BW).

Oral drug was given to the sedated test animals in a fashion
hat ensured good control over drug uptake. One 50 mg tablet per
ig was placed into the oral cavity, before the swallowing reflex
as induced. Swallowing of the tablet was visually controlled
ith a laryngoscope.
Long term animal experiments in vivo were done with

öttingen® Minipigs (average weight at start of experiment:
–11 kg depending on gender; age at start of experiment, 4–5
onths). Animals were dosed twice daily with Diractin® or
he matching placebo at a fixed dosing volume per kg ratio of
.317 mL kg−1 BW on a skin area of approximately 180 cm2

nto the animals back. As the concentration of ketoprofen
n Diractin® had to be maintained at nominally ∼2.3%, to

f
a
3
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nsure proper functionality of the formulation, Diractin® was
ixed with matching placebo, giving the following three dosing

roups: 7.26, 3.65, and 1.46 mg kg−1 BW per dose. The volume
f applied placebo was equivalent to the volume applied in all
hree dosing groups.

Drug concentration measurements relied on high-pressure
iquid chromatography (HPLC) with UV detection. The plasma
ample preparation involved solid phase extraction prior to
he HPLC/UV analysis. The tissue sample preparation proce-
ure involved tissue homogenisation followed by solid phase
xtraction prior to the HPLC/UV analysis. The method showed
inearity in 9–358 ng mL−1 range in pig plasma and from 4.4
o 335.6 ng mL−1 in pig muscle tissue. The accuracy mea-
urements results in plasma were 90.5% (5.9% coefficient
f variation [CV]) for the lower limit of quantification and
02.9–111.0% (<2.3% CV) for the mid to high concentrations
n the linear range. For pig tissue, similar accuracy results were:
8.4% (6.3% CV) for the lower limit of quantification and
01.4–106.3% (<2.7% CV) for the mid to high concentrations
n the linear range.

Drug and carrier transport in vivo: The primary data set con-
isted of the drug concentration values measured for plasma and
arious tissues at the given time after test article application.
otal daily efficiency of ketoprofen transport through the skin
as also determined directly by measuring residual drug amount
n the skin at t = 24 h post-application; additional input was the
nown total applied drug quantity and the treated skin area. This
fforded the lower limit for the normalised rate of drug trans-
ort across the skin (=flux density). To get an independent, but
ess direct, total transport estimate we furthermore calculated the
rea under the drug concentration vs. time curve (AUC) from the
easured concentration vs. time data. From the total drug flux

alues we deduced effective rate of transcutaneous carrier trans-
ort as well, by assuming that >95% of the drug is associated
ith the carriers during skin crossing (Cevc et al., submitted for
ublication-b).

To estimate the drug’s elimination rate independent of any
odel, we used computer to draw a straight line into the relevant

art of the logarithmic drug concentration vs. time plot. We then
ead-off the apparent 50% elimination time, t1/2,a, from such
ine, separately for each investigated tissue.

Averaging and data presentation was done with the com-
ercial graphical software package Origin® (OriginLab Inc.,
orthampton, MA, USA), which we also used for significance

esting (paired t-test). The results given in Figs. 1–4 provide
he mean value (MV) ± standard deviation of the mean (S.D.).
he results given in the text give mean value × (1 ± S.D./MV),
nless specified otherwise.

. Results

.1. Residual ketoprofen on the skin
To begin with, we inspected the residuum of ketoprofen
rom locally applied Diractin® on the skin 24 h post-
pplication. Epidermal ketoprofen concentration was then
25× (1 ± 0.61) �g g−1 (median: ∼240 �g g−1). The corre-
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Fig. 1. Left panel: Temporal dependency of ketoprofen concentration in superfi-
cial porcine muscle tissue (0–15 mm below treatment site) after an epicutaneous
application of 50 mg drug in Diractin® (bullet, n = 4–24) or Gabrilen® (box,
n = 6). Lines should only guide the eye: the thick ones in the main panels give
the result of three nearest neighbours averaging for Diractin®. The thin lines con-
nect the original data for Gabrilen® or oral ketoprofen (KT). The small bullets
with the dashed lines provide comparison with the results of an oral drug appli-
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Fig. 3. Temporal and dose dependency of total ketoprofen concentration in
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mulations. We therefore combined our in vitro data, which are
ation (n = 3). Right panel: The related results measured in deep muscle tissue
15–30 mm below application site). Insets show the same data in a logarithmic
lot, and include standard deviations of the mean.

ponding dermal value was 146 × (1 ± 0.46) �g g−1 (median:
116 �g g−1). This corresponds to 0.33 × (1 ± 0.36) �g

median: ∼0.35 �g) and 3.22 × (1 ± 0.41) �g (median:
2.52 �g) total ketoprofen in the outer and inner skin
egion, respectively. The total extracted drug quantity was
10.42 × (1 ± 0.44) �g (median: ∼171 �g), corresponding to
.43% of the applied dose.

ig. 2. Ketoprofen concentration in porcine plasma as a function of time fol-
owing an oral application of 50 mg drug (Ketoprofen ratiopharm®, dots, n = 3)
r an epicutaneous application of the equivalent drug quantity in Gabrilen® gel
squares, n = 6) or Diractin® (bullets, n = 12). Inset: the calculated relative con-
entration ratio of ketoprofen in muscle and plasma derived by combining the
ata shown in the figure and the inset.
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lasma of the pigs treated epicutaneously with Diractin® 2× daily for 6 months
second test article application at t = 8 h). Inset: dose dependency of the area
nder the curve (bullets).

.2. Transcutaneous drug transport

It is instructive to compare efficiency of ketoprofen transport
hrough normal skin in vitro and in vivo for different drug for-
ublished in full detail in the accompanying paper (Cevc et al.,
ubmitted for publication-b), with the results of this study to get

ig. 4. Drug/carrier dose and dose per area effect on targetability of ketopro-
en delivery into peripheral tissues, expressed in terms of cumulative muscle
s. plasma drug concentration ratio, AUC. (Symbols: experimental results (cf.
able 2); lines: linear regression fit to the data.) Inset: the same results adjusted for
ifferent required daily frequency of dosing, which is 2× higher for conventional
els (e.g. Gabrilen®, box) than for Diractin® (bullet).
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Table 1
Relative transcutaneous ketoprofen delivery efficiency, defined as the ratio of
permeability coefficients measured with a conventional topical gel (Gabrilen®)
and the carrier-based product (Diractin®) at the times given

Relative skin permeability
(in vivo: lower limit)

In vitro (human skin) t = 4 h tmax
a t = 16–24 h

Diractin®/Gabrilen® 0.01 0.02 0.07

In vivo (porcine skin) t = 1 h t = 5 hb

Diractin®/Gabrilen® 5.09 4.35
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a The maximum values and tmax were read from the smoothed curves given
n Fig. 1 in Cevc et al. (submitted for publication-b).

b In vivo, the dominant maximum is observed 3–5 h post-application.

elative drug transport rates for Gabrilen® and Diractin® (cf.
able 1).

Differential factor between Diractin® and Gabrilen® exceeds
he differential factor pertaining to various conventional gels
–10 times. On the average, it amounts to an overall difference
f 20–50 during the first 12 h post-application. Towards the end

f observation period, i.e. for t = 16–24 h, the arithmetic mean
atio of conventional gel vs. Diractin® is ∼14. In contrast, the
orresponding mean ratio determined with conventional gels

m
o
T

able 2
harmacokinetic characteristics of a single 50 mg ketoprofen dose in peripheral m
on-occluded skin above the studied muscles

Injecteda i.m. Oralb

Human Human Oruvail®

50/100 (mg) 50 (mg)
n.a. n.a.

uperficial muscle
tmax (h) 1
cmax (�g mL−1)* 55
t1/2,a (h)** 2
AUC0–8 h (�g h mL−1)
AUC0–24 h (�g h mL−1) 200

eep muscle
tmax (h)
cmax (�g mL−1)*

t1/2,a (h)**

AUC0–8 h (�g h mL−1)
AUC0–24 h (�g h mL−1)

lasma
tmax (h) 2
cmax (�g mL−1)* 2.4
t1/2,a (h)** 2.1
AUC0–8 h (�g h mL−1)
AUC0–24 h (�g h mL−1) 37
cmax BW (g2 mL−1) 88/273++

AUC BW (g2 h mL−1) 2.2/2.6++

T-ratiop = Ketoprofen-ratiopharm® (Ratiopharm).
a Intramuscular injection data (italic) stem from ref. Tegeder et al. (2001) and are mu
etoprofen concentration ratio (Borga and Borga, 1997).
b Human reference data (italic) for Oruvail® (Sanofi-Aventis) are taken from the pr
c Smaller number for some of the late-time data points.
* cmax corresponds to the well defined concentration peak.

** t1/2,a read-off directly from the linear part of logarithmic concentration vs. time p
+ Based on extrapolation of the t = 8 h concentration value to 24 h using the given t1

++ Human oral drug results that are normalized with regard to the body weight refer
Pharmaceutics 360 (2008) 29–39 33

Gabrilen® vs. Togal® Mobil gel) is then around 1 (data not
hown). This confirms the ∼12× in vitro differential between
he conventional and the carrier-based products.

.3. Drug transport into subcutaneous peripheral tissues

A full in vivo set of transport and biodistribution data must
e explored to interpret and understand properly the differences
etween different NSAID formulations. Similar data are also
eeded to gauge the potential therapeutic benefit of various
SAID products for the local application on the skin.
We therefore measured with Diractin® and Gabrilen® the

etailed temporal dependency of total ketoprofen concentra-
ion in superficial (depth: ≤15 mm) and deep (depth: 15 to
30 mm) muscles, as such tissues act as rather voluminous

rimary receiver compartments.
In our experience, ketoprofen uptake in the muscles below the

on-occluded skin treated with ketoprofen is remarkably fast.
elatively high drug concentration is measured already after
aximum is followed for conventional topical gel by the sec-
ndary increase of drug concentration in muscles (cf. Fig. 1 and
able 2).

uscle tissue and plasma of the pigs treated with the drug orally and through

Conventional topic gel Carrier-based gel, e.c.

Pig KT-ratiop Pig Gabrilen® Pig Diractin®

50 (mg) 50 (mg) 50 (mg)
n = 6 n = 6 n = 4–24c

2 5 1
1.5 19 (31) 95
2 (2) 6
6.0 87 447
6.3+ 95+ 847

2 3 1
1.7 9 (17) 120
2 2 4
7.6 45 356
8.2+ 51+ 652

2 4 4
20 0.12 0.1

2 2 6
101 0.8 0.7
108+ 1.4
200 ∼1.2 ∼1.0
∼1.3 ∼0.01 ∼0.01

ltiplied by 103, to allow for the drug binding effect: assuming 1/103 free/bound

oduct originators information.

lot.

/2,a.
to the fasted and fed subjects, respectively.
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Table 3
Cumulative ketoprofen concentration (area under the concentration vs. time curve, AUC) in peripheral muscle tissue and plasma of pigs treated with a single
application of various drug amounts on non-occluded skin surface or orally measured at t = 8 h

The horizontal box and the vertical shadow highlight depth independency and dose area dependency, respectively, observed with Diractin®.
a500 �g cm−2 = 0.5 mg cm−2 is the highest dose of a semisolid product per area that can be used in a single application; higher area doses require repeated applications
o
b = num
c
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ver a period of time.
Superficial: 15 mm below the skin; deep: 15 mm to ≤30 mm below the skin. n
Calculated based on the drug dose of 500 �g cm−2.

The real drug concentration peak appears 3–4 h post-topical
abrilen®, application, however,2 the drug concentration at

his peak being 1.5–2 times below the starting concentration
alue. After this clear peak, the measured intramuscular keto-
rofen concentration, which originates from a conventional
SAID gel application, decreases quasi-exponentially with an

pparent half-life of t1/2,a ∼2 h in the superficial as well as
eep muscles (cf. Table 2). The average drug concentration
n superficial muscle for Gabrilen® is ∼14 × (1 ± 0.7) �g g−1

ith a median value of ∼11 �g g−1. In the deep mus-
le the drug concentration is somewhat, but insignificantly
p = 0.21), lower: ∼7.5 × (1 ± 0.7) �g g−1, median ∼6 �g g−1.
or comparison, the maximum total ketoprofen concentra-

ion arising from an oral drug uptake into superficial or
eep muscles is 1.6 × (1 ± 0.44) or 1.8 × (1 ± 0.28) �g g−1,
espectively.3

The results measured with the carrier-based formulation on
orcine skin are different. Before the data averaging, a “primary”
nd “secondary” peak are “discernible” in some intra-muscular
rug concentration vs. time curves. Averaging the data from sev-
ral test series eliminates such “peak”, however, demonstrating
hat they are due to statistical scattering. The averaged time vs.
rug concentration curve, indeed, shows only a single, early

eak at tmax ∼1 h (cf. Fig. 1). The average intramuscular drug
oncentration at later points in time decreases for approximately
–12 h. The decrease for the carrier-based formulation is quasi-

2 It is possible, but unlikely, that this peak is a consequence of insufficient
xperimental resolution.
3 This implies that relative free drug’s concentration in plasma is at most 8%

ratio: ∼11), but the real value is probably much smaller (<1%), as in case of
ral ketoprofen usage.

o
d
1
v
3

p
m
b

ber of test animals.

xponential, with t1/2,a ∼6 h and t1/2,a ∼4 h in superficial and
eep muscles, respectively.

During the second 12 h period post-Diractin® application the
verage intramuscular ketoprofen concentration declines less
apidly. (The apparent, abrupt fall in ketoprofen concentration
easured between 20 and 24 h post-application is in our view

ust a statistical artefact.)
The area under the curve (AUC), or better to say the area

nder the lines that connect all the drug concentration data
oints measured during 0–8 h or 0–24 h post-tested product
pplication, highlights functional differences between various
ormulations (cf. Table 2 for t = 0–8 h and Table 3 for the
ull data set). The respective drug concentration ratio is 2.7
r 6 for the carrier- and gel-based products, during first third
f a day, and 27 or 30, during the whole day post applica-
ion, as calculated from all the measured data pertaining to
uperficial or deep muscles, respectively (cf. Table 3). Such
high ratio for Diractin® suggests a high bioavailability of

he drug applied on the skin in Transfersome® carriers, in
greement with the low measured residual drug amount on the
kin at t = 24 h, which is in the range of a few percent. The
act that peripheral AUC for Diractin® multiplied by volume
f the treated muscle and divided by the apparent half-life
f the drug elimination corresponds to 0.68 of total applied
ose (or 68% = AUC Vm/t1/2,a/Dose 100% = 34 mg/50 mg
00%) supports credibility of the conclusion. For a con-
entional gel the same kind of estimate yields merely
.3 mg, or 6.6%.
Elevating locally applied Diractin® dose on the skin raises
eripheral drug concentration. Temporal profile of Diractin®-
ediated intramuscular drug concentration is nearly unaffected

y such an increase, however, except for the apparently faster
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rug concentration build-up in deep peripheral muscles by rela-
ively higher doses per area (data not shown).

In contrast, the area under the lines that connect the intra-
uscular concentration data originating from a conventional

el Gabrilen® application is unaffected by the epicutaneously
pplied ketoprofen amount, or nearly so. Some, but inconsis-
ent, Gabrilen® area dose dependency is detected merely in the
eripheral muscles close to the treated skin surface (cf. Table 3).

Oral ketoprofen produces at least 10× lower intramuscu-
ar concentration of ketoprofen compared with epicutaneously
pplied ketoprofen formulations. A single oral dose of keto-
rofen leads to the drug concentration peak at tmax ∼2 h with
uasi-exponential tail (t1/2 ∼2 × (1 ± 0.2) h). Some, if not most,
f the orally applied drug found in peripheral muscles probably
tems from the residual blood in such tissues.

.4. Drug transport into blood

Ketoprofen concentration in plasma of the animals treated
ith Gabrilen® or Diractin® peaks at tmax ∼4 h (cf. Fig. 2). cmax

n plasma is aligned with the (secondary?) drug concentration
eak in the muscles of gel treated animals. In contrast, the plasma
rug concentration resulting from an oral drug attains the highest
alue earlier, already at tmax ∼2 h.

Plasma concentration maximum for an oral drug is several
rders of magnitude higher than the result of an epicutaneous
SAID application (cf. Fig. 2).
The systemic drug elimination time, read-off directly from

he measured data set, is t1/2,a ∼2 h for the tested oral ketoprofen
roduct and 6 h for Diractin®.

The area under the plasma concentration curve is roughly
roportional to the total drug amount applied on the skin (cf.
able 3). Repeated short-term local application of the drug,

n the simplest possible picture, should therefore bring addi-
ional drug into all compartments. In other words: the added
rug should simply “top-up” the pre-existing drug in the organ.
his is suggested by smaller area under the curve for the pigs

hat received a single drug dose of 5 mg kg−1 BW on the skin
AUC0–24 h = 1.4 �g h mL−1) compared with the ∼5× higher
UC0–24 h for the pigs treated twice daily with 1.46, 3.65
nd 7.26 mg kg−1 BW in Diractin® for 6 months (respective
UC0–24 h = 4, 6.4, and 11.9 �g h mL−1). The corresponding,

ess relevant, average daily drug concentrations were measured
o be 0.19, 0.29 and 0.54 �g mL−1, which is ∼10× higher
han the result of a single Diractin® application on the skin
0.05 �g mL−1; cf. Fig. 3). For comparison: the area under the
urve for the pigs’ plasma, calculated by Bateman extrapolation,
s AUC0–24 h = 121 �g h mL−1, after a single oral application of

5 mg kg−1 of pig body weight.
The apparent systemic half-life of ketoprofen is moderately

hortened for the lower two locally applied tested doses of
iractin® (t1/2,a ∼4.5 h).
Based on compositional comparison and the results of in vitro
ermeation experiments done with several conventional topical
etoprofen gels or Diractin® we conclude that free drug concen-
ration in the carrier-based product is approximately 10× lower
han in a simple gel (Cevc et al., submitted for publication-

a
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d
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). The differential, and greater, ketoprofen transport from
iractin® must consequently rely on transport mechanism that is

oncentration independent but involves the drug-loaded carriers.
he latter must also be able to move spontaneously through and
elow the skin, as this is the main functional difference between
onventional gels (containing the free drug) and Diractin® (con-
aining the drug associated with the carriers). Similarity of the
esults measured with various conventional ketoprofen gels sup-
orts such general conclusion.

. Discussion

Diffusion of NSAID molecules through the skin is insuf-
cient for achieving high drug concentration in the deep
ubcutaneous target tissues. Increasing epicutaneously applied
rug amount in a conventional gel thus may elevate ketopro-
en concentration in superficial muscle but also raises the drug
oncentration in rest of the body (see Table 3); conventional
el dose escalation consequently lowers peripheral vs. systemic
rug concentration ratio (see the lower line in Fig. 4). Like-
ise, skin permeation enhancers may increase transcutaneous
rug diffusion, but then also feed more drug into systemic blood
irculation. In the worst realistic situation (Radermacher et al.,
991), either of these two measures can bring peripheral and
ystemic NSAID concentrations to a similar level, annihilating
ny benefit from local drug application.

The data given in Table 2 and Fig. 1 highlight on the problem.
uring the first third of the day following 50 mg (0.5 mg kg−1)
etoprofen application in Gabrilen® on the skin, the average drug
oncentration shows a tendency (p = 0.21) to be ∼50% higher
n superficial muscle than in deep peripheral muscle (median
alue for the latter: ∼8 �g mL−1; range: 2.6–19 �g mL−1). An
njection of 100 mg of the drug (0.61 mg kg−1 BW) into human

uscle produces median concentration of 55 �g mL−1 (range:
6–124 �g mL−1 (Tegeder et al., 2001)), calculated under the
ssumption that only 0.1% of ketoprofen in muscles is free,
iven that the protein content in such tissue is 4–5× higher than
n the plasma where 0.5% of the drug is free (Borga and Borga,
997).

The situation is different for the carrier-based formulation
iractin®. The product has approximately 50-times lower skin
ermeability than Gabrilen® in vitro (cf. Table 1). Despite
his, the carrier-based formulation generates a depth inde-
endent (p = 0.74) drug concentration profile during first 8 h
ost-application with an average value rather close to that of an
njection. More precisely, Diractin® gives raise to intramuscular
oncentration of 54× (1 ± 0.6) �g g−1 (median: 50 �g g−1) in
uperficial and of 64× (1 ± 0.3) �g g−1 (median: 63 �g g−1) in
eep muscle, which is approximately 1/3 of the similarly mea-
ured dermal drug concentration. Both intramuscular results are
lose to the ketoprofen concentration measured after an i.m.
njection in human volunteers of 50 mg of the drug (Tegeder et
l., 2001).
The significant (p < 0.0005) differences between Diractin®

nd conventional gels discussed in previous paragraphs confirm
hat that the carrier-based product relies on a different mode of
rug deposition, seemingly resembling an intramuscular injec-
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ion more than a diffusion from a topical gel. The conclusion
s supported by the well differentiated time dependencies. On
he one hand, the drug from the ultradeformable vesicles in
iractin® compared with a conventional topical gel is consis-

ently delivered faster (tmax = 1 h vs. tmax = 3.5 h) and reaches a
igher concentration in peripheral tissues. On the other hand, the
rug delivered into subcutaneous muscles with ultradeformable
arriers remains in such tissues longer (t1/2,a = 4–6 h) than the
rug that has diffused there from a conventional formulation
t1/2,a = 2 h).4

The high carrier-mediated intramuscular ketoprofen con-
entration thus corroborates the concept of direct, diffusion
ndependent, transport of the drug mediated by ultradeformable
arrier across the skin and beyond. During skin crossing the
rug must be protected somehow from the local clearance that
nevitably dissipates free drug concentration. This is tantamount
o saying that the drug applied with an ultradeformable car-
ier on the skin can reach deep subcutaneous tissues loaded
n or into the vesicles, which must have crossed the skin
ntact.5 If this were not the case, not only the drug’s depo-
ition into but also drug’s clearance from muscles below an
pplication site would have to be similar to that of an injected
ree drug. If so, the apparent drug elimination half-life for
iractin® would have to be ∼2 h, as after an i.m. injection
f ketoprofen (Tegeder et al., 2001), rather than >4–6 h as
s observed (cf. Table 2). The carrier-caused prolongation of
ocal drug residency time is also notable, as is similarity of the
rug elimination time measured with Diractin® (t1/2,a = 4–6 h)
r with the sustained release oral capsule (Oruvail®, Sanofi-
ventis, t1/2 = 5.4 h, manufacturers specification). Ketoprofen

hus appears to be released rather slowly from the drug-loaded
arriers that have reached deep subcutaneous tissue. This indi-
ectly proves that the drug from Diractin® is transported through
nd deep below the skin associated with physically intact
arriers.

Other researchers have tried to control and improve transder-
al NSAID delivery. Simple skin permeation enhancement, e.g.

y using sono-phoresis (Cagnie et al., 2003) or ionto-phoresis
Panus et al., 1999), is insufficient for the purpose. Phospho-
ipid organogels (Dowling et al., 2004), conventional liposomes
Valenta et al., 2000; Maestrelli et al., 2005) or nanoparticles
Ricci et al., 2005), but also ultradeformable vesicles (Cevc and
lume, 2001) have been tested with a similar idea in mind.
nly seldom, if ever, the resulting effect on NSAID delivery

nto deep subcutaneous tissues was really beneficial (Cevc and
lume, 2001). Non-deformable colloids on the skin, which can-

ot cross the barrier intact (Cevc et al., 2002) typically lower the
issolved NSAID concentration and thus hamper drug diffusion
hrough the skin (cf. Table 1), thus diminishing a potential ben-

4 Ketoprofen disappears more slowly from the plasma of humans treated
n the skin for two weeks, with a comparable drug dose in conventional gel
t1/2 ∼ 17.1 ± 9.1 h (Flouvat et al., 1989)).
5 Theoretical possibility of carrier disintegration in the skin and reformation
elow the barrier is of no real importance as too little free drug is found there
o allow for the loss recovery and then lead to a meaningful amount of drug
ransport in the depth below application site.
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ficial effect of skin (semi)occlusion by at least some colloid
ormulations.

Particles or vesicles that can cross the skin but do not main-
ain integrity during the process loose their “cargo” right below
he barrier. Such “carriers” are therefore unable to prevent local
learance, and drug distribution in peripheral tissues with or
ithout the colloidal vehicle is remains essentially the same.
ormulations containing such non-deformable carriers are also
rone to yield similar results in vivo and in vitro. The prerequi-
ite for significantly improved local drug delivery via the skin is
he carrier’s ability to cross the barrier and to bring the drug

olecules past the cutaneous capillary plexus. This explains
uperiority of the colloidal carriers (Jain et al., 2005; Godin
nd Touitou, 2003) that are at least remotely related to the
ltradeformable carriers (Cevc, 2004; Cevc et al., submitted for
ublication-b) contained in Diractin®.

For example, in the most recently published study dealing
ith one kind of reportedly elastic vesicle, diclofenac was deliv-

red into rat muscles to concentration levels between 2.2 ± 0.14
nd 5.3 ± 0.22 �g g−1, 12 h post-epicutaneous application (Jain
t al., 2005). A similar dose of commercial hydrogel tested under
omparable conditions on the skin of rats afforded drug concen-
rations of just between 0.41 ± 0.07 and 1.1 ± 0.09 �g g−1 (Jain
t al., 2005). The reported vesicle-dependent improvement is
hus appreciable (5.4× or 4.8×, respectively). Relative improve-

ent is less than that measured by us in rats and pigs (∼20×)
reated with fully functional diclofenac-loaded Transfersome®

esicles (Cevc and Blume, 2001).
Here we report a similar gain (10–30×) for ketoprofen in

ransfersome® on porcine skin. Our corresponding absolute
etoprofen concentration is also ≥5× higher (cf. Fig. 1) than
hat measured previously with diclofenac in rats (Jain et al.,
005). Whilst molecular differences between ketoprofen and
iclofenac could be invoked to explain the difference, we rather
elieve that the main reason is the refined Transfersome® com-
osition in Diractin®. To an extent, this also applies to our
revious formulations of diclofenac in ultradeformable carri-
rs (“Transfenac”; Cevc and Blume, 2001). Indeed, the latter
lso excel with relatively long residency time and 10× higher
rug concentrations in subcutaneous tissue compared with the
rug from commercial hydrogel (Voltaren® Emulgel®, Novar-
is). As in case of ketoprofen in ultradeformable carriers,
he Transfersome® directed diclofenac delivery into periph-
ral tissues improves with decreasing drug dose per body
eight and with increasing treated muscle thickness. Finally,
hen using ultradeformable carriers on skin, intramuscular
iclofenac concentration is also nearly depth independent (Cevc
nd Blume, 2001), as is confirmed in Table 3 for ketoprofen
s well.

We made semi-quantitatively similar observations in mice,
ats and pigs treated with diclofenac in Transfersome® vesi-
les on the skin (after body weight normalisation) (Cevc and
lume, 2001). Our conclusions pertaining to ultradeformable

esicles comprised in Diractin® should therefore be rather
enerally valid, the notoriously large site-to-site variability
eported for conventional topical gels (Shah et al., 1996)
otwithstanding.
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dose per area improves targeting of the former it deteriorates
the local drug delivery of the latter. Fig. 4 thus indirectly but
unambiguously proves that majority of ultradeformable carriers
G. Cevc et al. / International Journ

Relative bioavailability of ketoprofen from a topical gel
pplied on human skin reportedly varies between 1.08 ± 0.63,
.90 ± 0.50 and 0.74 ± 0.38, respectively, when the arm, back,
nd knee are studied (Shah et al., 1996). This probably reflects
ore than just skin permeability variation. Monteiro-Riviere

t al. (1993) found out, for example, that the sites on porcine
ody periphery that are perfused by direct cutaneous vasculature
e.g. in ventro-caudal region) have a higher probability of local
ntry of transepidermally absorbed piroxicam into systemic
lood circulation. In contrast, the sites perfused by musculo-
utaneous arteries retain a larger fraction of the absorbed drug
ithin deep local tissues (Monteiro-Riviere et al., 1993). Local

learance diminution by using ultradeformable carriers could
herefore minimise site-to-site variability, in addition to making
ny product based on such carriers insensitive to skin perme-
bility changes. These inferences are indirectly supported by
ur earlier findings with diclofenac in Transfersome® (Cevc and
lume, 2001).

Relative contribution of perfusion to NSAID concentration in
eep peripheral tissues is a function of relative dose (especially
he drug dose per body weight) as well as of skin permeability,
issue exchange rate, and plasma clearance ratios for the chosen
SAID. However, the drug concentration build-up in peripheral

arget tissues, which originates from a conventional topical gel,
lso involves at least some secondary drug re-distribution from
lasma into muscles. This is particularly likely for the products
ith a relatively high transcutaneous diffusion rate delivering the
rug into extended but slim subcutaneous tissues. Multiple, 3–4
aily, drug applications, which are the current gold standard in
eld of conventional topical NSAID products, increase relative

mportance of perfusion as well. Several independent studies
ame to similar conclusion (Radermacher et al., 1991; Singh
nd Roberts, 1994a; Flouvat et al., 1989).

Conventional topical ketoprofen products lead to low
ystemic drug concentration only when they are used
t a relatively low drug dose; otherwise perfusion and
ystemic effects become important. Illustrative values for
umans receiving ∼6 mg ketoprofen per kg body weight
re: cmax = 0.144 × (1 ± 0.63) �g mL−1; ∼2.6% of applied
ose (Flouvat et al., 1989); ∼1.6 mg kg−1 body weight:
max ∼ 0.119 �g mL−1; bioavailability 5–8% (Tegeder et
l., 2001). These values resemble our ketoprofen results.
pecifically for the dose of ∼5 mg ketoprofen per kg
ody weight in Gabrilen® gives plasma concentration of
max = 0.123 × (1 ± 0.211) �g mL−1. For the same total and
rea dose (0.5 mg cm−2, cf. Fig. 2) of Diractin® we obtain
max = 0.116 × (1 × 0.72) �g mL−1. Identical oral drug dose
50 mg) brings plasma ketoprofen concentration to 167× higher
evel of 20.1 × (1 ± 0.68) �g mL−1. For comparison, an injec-
ion of 50 mg ketoprofen (0.61 mg kg−1 BW) into a thigh gives

aximum plasma concentration of ∼7 �g mL−1 at tmax ∼ 0.5 h
Tegeder et al., 2001), assuming 1/103 free/bound drug ratio
Borga and Borga, 1997).
The position of plasma concentration maximum was better
efined in our experiments with pigs (tmax ∼4 ± 0.5 h) than in
arlier independent human studies (16.5 ± 14.9 h; Flouvat et
l., 1989). Our porcine data are rather close to the outcome

a
a
a
r
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f a recent human study (tmax ∼2.67–4.04 h), however, which
oreover found a long “tail”, i.e. “slow” final clearance of the

el-derived drug (Tegeder et al., 2001).
In our experience, ketoprofen elimination from the blood of

iglets or humans treated with the oral drug is similarly fast,
ith t1/2 ∼2 h (Kantor, 1986); this is not surprising given that
harmacokinetic parameters of ketoprofen are known to scale
ith body weight (Lees et al., 2004).
In contrast to the situation observed with Diractin®, ketopro-

en is cleared from porcine muscles treated epicutaneously with
conventional topical ketoprofen gel with an apparent half-life
f t1/2 ∼2 h. This value is similar to the half-life of intramus-
ularly injected ketoprofen (Tegeder et al., 2001), and supports
he concept of secondary drug redistribution and final clearance
ia plasma for conventional gels. The short peripheral elimina-
ion time of the drug from the conventional gel also explains
hy such products must be applied a number of times per day,

ypically 4×, to exert some therapeutic effect.
The high initial total muscle/plasma drug concentration ratio

f ∼100 (for a 50 mg total drug dose) for Diractin® is inexplica-
le by drug redistribution (“perfusion”). Even at its peak the total
rug concentration in plasma is ∼20 lower than in the treated
uscles. We therefore exclude the possibility that ketoprofen

rom Diractin® on the skin experiences a similar flip-flop phe-
omenon as the drug from a topically applied conventional gel
n humans (Flouvat et al., 1989) or rodents (Singh and Roberts,
994a),6 which can also lead to two intramuscular drug con-
entration peaks. We rather believe that the early, first drug
oncentration peak (cf. Fig. 1) is a consequence of an unusually
ast initial drug transport through the high-permeability/limited-
apacity pathways in the skin (Cevc and Vierl, 2007) with
ltradeformable carriers. It is moreover possible that the pen-
trability of such pathways is positively influenced by NSAID
oaded carriers on skin surface.

Another reason for improved ketoprofen deposition in periph-
ral tissues by ultradeformable carriers is the prolonged drug
etention in, and by, such carriers, after they have crossed the
kin barrier. Direct support of such notion is our observation
hat the drug clearance rate after intramuscular injection is 2–3
imes shorter (Tegeder et al., 2001) than after an epicutaneous
iractin® application.
The different nature of ketoprofen delivery into peripheral

issues from the gels containing the dissolved drug or from
iractin®, which comprises the drug in association with ultrade-

ormable carriers, is evident in Fig. 4. The figure also highlights
he dissimilar area dose dependency of peripheral vs. systemic
etoprofen concentrations derived from Diractin® or a con-
entional topical gel on the skin: whereas raising the drug
6 The concentration of compounds in tissues below a dermally treated site in
naesthetised rats according to Singh and Roberts (1994a) peaks twice: first,
t 2–4 h and, second, at around 10 h. The presence of the first peak has been
ttributed to direct penetration and the re-supply from systemic blood was made
esponsible for the second peak.
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Transfersome® vesicles) can overcome the skin barrier intact
Cevc et al., 2002) and still loaded with the drug that is partly
dsorbed to and partly encapsulated into the carriers. If the
ransfersome® carrier did not protect the drug the latter would
e cleared through cutaneous blood vessels and then could not
each deep subcutaneous muscles to reach there a high local
oncentration!

. Conclusions

Despite its suitability (Kantor, 1986), the dissolved ketopro-
en in conventional topical gels diffuses through the skin in vitro
elatively inefficiently (after allowance for the ∼7x higher dose
sed in vitro: Gabrilen® ∼17%; Togal® Mobil Gel and Fastum®:
5% (Cevc et al., submitted for publication-b); see also Fig. 1)

uring 24 h period. The drug from ultradeformable carriers in a
el is even 10× less prone to cross the skin in vitro (0.4% (Cevc
t al., submitted for publication-b); see also Table 1 and Fig. 1).

Ketoprofen applied epidermally on pigs in a conventional gel
rosses the organ but is cleared from underlying muscles quite
apidly. Its half-life in pigs (t1/2 ∼2 h, cf. Table 2) consequently
esembles that of the drug injected intramuscularly (Tegeder
t al., 2001), and is identical to the value measured in plasma
f healthy young volunteers who took the rapidly absorbed oral
rug (Oruvail®; Sanofi-Aventis information). We moreover esti-
ate the drug bioavailability from a conventional gel to be only
7% in pigs, which is only little higher than to our result mea-

ured with human skin in vitro (∼5%; vide supra). Conversely,
he drug applied on the living pig skin with the ultradeformable
arriers in Diractin® disappears from subcutaneous peripheral
issues 2–3 times more slowly (t1/2,a ∼4–6 h, cf. Table 2), and
rom the skin nearly completely (>99%), having at least 10×
igher estimated local bioavailability (∼70%). The latter value
hus exceeds the corresponding in vitro bioavailability by a fac-
or of ∼200! Such a vast in vitro–in vivo difference observed
ith Diractin® contrasts the similarity of ketoprofen in vitro

nd in vivo transport from conventional topical gels and proves
undamental differences between the former and the latter kind
f product.

Systemic bioavailability of ketoprofen from Diractin®

pplied epicutaneously on non-occluded skin is proportional to
he total applied drug dose and generally low (∼1/100 of oral
rug).

Escalating conventional topical gel dose raises systemic vs.
ocal ketoprofen concentration ratio, which precludes proper
rug targeting into peripheral tissues with such kind of a product
cf. Fig. 4). In contrast, increasing the drug and carrier dose per
rea improves ketoprofen targeting into superficial as well as
eep muscles below the site of epicutaneous Diractin® applica-
ion, compared with systemic drug concentration. The difference
llustrates and corroborates the conclusion that ketoprofen trans-
ort with ultradeformable carriers through the skin in vivo is not
iffusive but rather depends on skin penetration by the carriers.

n contrast, diffusion is responsible for the drug transport from
onventional topical gels (cf. Fig. 4).

Diractin® consequently employs a well differentiated and
ovel mechanism of action to achieve efficient transcutaneous

C

Pharmaceutics 360 (2008) 29–39

rug transport, local drug accumulation in deep peripheral tissue
elow the skin application site, and sustained drug release. This
nvolves drug concentration-independent (cf. Tables 1 and 2),
ydration driven (Cevc and Gebauer, 2003; Cevc et al.,
ubmitted for publication-a) skin penetration by the carrier.
reservation of the carrier integrity and loading during skin
rossing (Cevc et al., submitted for publication-b) as well as
he carriers ability to bypass cutaneous blood vessels (Cevc et
l., submitted for publication-b) are needed for the directed (cf.
ig. 4) and sustained (cf. Fig. 1) drug release into peripheral

arget tissue.
Porcine data are relevant for humans. The similarity of

orcine and human skin barrier (Meyer, 1996; Vardaxis et al.,
997), semblance of oral NSAID biodistribution and clear-
nce in different species (Lees et al., 2004), and the agreement
etween the pharmacokinetic characteristics we determined for
igs (cf. Figs. 1 and 2) and the published human ketoprofen
harmacokinetic data (cf. Table 2) support this statement. We
herefore conclude that Diractin® represents a truly innovative
roduct with pharmacokinetic features more similar to a local
njection than to a topical application of a conventional NSAID
el.
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