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There is - apart from clinical trials - an ongoing discussion on how to demonstrate therapeutic equiva-
lence for locally applied and locally acting products in the gastrointestinal tract. Possibly, among other
alternatives, in vitro drug release models could be considered surrogates of drug release and availability
at the site of action. However, to date the conditions in which in vitro models provide valid surrogates of
invivo release and availability at the site of action would have to be defined. To demonstrate the potential
applicability of invitro test methods for screening therapeutic equivalence of locally applied and locally
acting gastrointestinal products and also to get an idea of which would be the right dosage form for an
individual patient a series of in vitro studies was performed comparing a variety of in vitro release methods
ranging from pharmacopoeial methods to “patient-specific” release methods in examining drug release of
four mesalazine tablet formulations intended for local drug delivery in the gastrointestinal tract. Results
from this study indicated that pharmacopoeial quality control methods are hardly applicable to predict the
therapeutic equivalence of such products. Moreover, comparison of the results obtained with the different
in vitro methods reveal that a prediction of the therapeutic equivalence for locally acting products in the
gastrointestinal tract is unlikely based on release profiles obtained in a single drug release experiment.
However, results from the study also indicated that a set of individualized biorelevant in vitro test scenarios
might be very useful for both demonstrating therapeutic equivalence and selecting the appropriate drug

product for a particular patient.

1. Introduction

In September 2013 a concept paper on the development of a
guideline on the demonstration of therapeutic equivalence for
locally applied and locally acting products in the gastrointesti-
nal tract was released for public consultation (EMA 2013).
This concept paper discusses the need to expand the current
“Note for Guidance on the Clinical Requirements for Locally
Applied, Locally Acting Products Containing Known Con-
stituents (CPMP/EWP/239/95)” (EMEA 1995) regarding the
approaches for the demonstration of therapeutic equivalence
of locally applied and locally acting gastrointestinal products.
In contrast to the current guideline which defines the general
requirements for all locally acting and locally applied prod-
ucts, the new guideline is aimed to address when and how to
employ particular models to demonstrate therapeutic equiva-
lence for gastrointestinal products (e.g. in vitro comparisons and
pharmacokinetic comparisons) apart from clinical trials (EMA
2013).

In recent years, it has been agreed that drug release and avail-
ability at the site of action are the major factors determining the
clinical response for locally applied and locally acting gastroin-
testinal products containing the same drug. Therefore, various
alternatives, including in vitro models, are considered surrogates
of drug release and availability at the site of action. However,
according to the concept paper, the conditions under which such
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alternatives provide valid surrogates of in vivo release and avail-
ability at the site of action would have to be defined. These
efforts give reason to present results from a case study which
was performed to screen the applicability of different in vitro
release methods for the purpose of demonstrating therapeutic
equivalence in locally applied and locally acting gastrointestinal
products and also for the purpose of selecting the right dosage
form for individual patients.

Mesalazine (5-ASA) is an anti-inflammatory drug that is used to
induce and maintain remission of inflammatory bowel diseases
(IBDs) such as Crohn’s Disease (CD) and Ulcerative Colitis
(UC) (Sandborn and Hanauer 2003; Verzijl and Bodegraven
2003). The main principle of mesalazine action is a topical
reduction of inflammation in the intestinal mucosa. Thus, an
effective mesalazine therapy requires effective drug delivery to
the sites of inflammation. However, in IBD both the pattern
and the extent of inflammation underlie a high inter-individual
variability (Ochsenkuhn et al. 2003). CD is a chronic trans-
mural inflammation of the bowel which can affect the entire
gastrointestinal tract, usually in a discontinuous pattern. The
initial location of CD is most commonly in the lower ileum.
From here the inflammation typically spreads towards proximal
parts of the small intestine. However, the colon is also often
involved. UC is a chronic inflammatory disease affecting only
the colon and showing a continuous distribution in the gastroin-
testinal mucosa. Many patients suffer from a “proctitis” where
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the focal point of the inflammation is found in the distal part of
the colon and the rectum. However, from this origin, the inflam-
mation often spreads proximally and in the most severe cases,
the entire colon is affected.

In front of the background of the high inter-individual variability
both in pattern and extent of inflammation in CD and UC, for dis-
cussing therapeutic equivalence and or to select the right dosage
form for a particular patient based on in vitro release rates, it
would be essential to simulate the properties of the intralumi-
nal contents and the residence times in the different GI sections
as close as possible. However, these aspects are typically not
addressed in standard quality control (QC) methods. The first
partof our study was therefore dedicated to investigate the in vivo
predictivity of pharmacopoeial test methods (Ph.Eur. 2011; USP
2013) and of in vitro approaches addressing average intralumi-
nal pH-conditions and tablet residence times in the human GI
tract (Klein et al. 2005, 2008).

Ibekwe et al. (2008) presented results from a study examining
the interplay of in situ gastrointestinal pH, transit time and feed
status on the in vivo performance of Eudragit® S coated polymer
systems in healthy individuals. In one arm of the cited study, a
radiolabelled Bravo® pH capsule was swallowed by volunteers.
With this radiolabelled Bravo® pH capsule it was possible to
monitor intraluminal pH-conditions and transit through the gas-
trointestinal tract at the same time. Ibekwe et al. (2008) thus
presented a valuable set of pH values and transit/residence times
of monolithic dosage forms in individual subjects.

The objective of the second part of our study was to screen
the applicability of so called patient-specific in vitro methods
for predicting site and extent of invivo drug release. For this
purpose we designed new release methods simulating intralu-
minal pH-conditions and residence times in individual subjects
by utilizing several individual data sets reported from the Ibekwe
study. Moreover, in a final set of in vitro experiments we com-
bined patient-specific pH-conditions and residence times with
typical gastrointestinal shear forces and pressures in the GI tract
that might affect drug release in the corresponding individuals
(Shameem et al. 1995; Kamba et al. 2000; Cassilly et al. 2008;
Garbacz et al. 2008; Garbacz et al. 2010; Goodman et al. 2010).

2. Investigations and results

To screen the in vivo predictivity of different in vitro methods a
series of release experiments was performed with four enteric
coated tablet formulations that are currently used in oral regi-
mens of CD and/or UC. These were Claversal® and Salofalk®
500 mg tablets, Asacol® 400 mg tablets and mezavant® 1200 mg
gastro-resistant prolonged release tablets.

2.1. Release profiles obtained with pharmacopoeial test
methods

The first set of experiments was performed with the USP method
for “Mesalamine delayed-release tablets” (USP 2013). The sec-
ond set of experiments was performed with the Ph.Eur./USP
drug release standard for delayed-release articles, method A
(Ph.Eur. 2011; USP 2013).

Figure 1 shows the release profiles that were obtained with
the USP method for mesalamine delayed-release tablets (USP
2013).

All tablets showed enteric properties and started to release the
active after about the same lag time. Drug release from Asacol®
400 mg tablets was similar to that of Claversal® and Salofalk®
500 mg, despite the Asacol tablet being essentially different
from the other two formulations (Eudragit® S versus Eudragit®
L coating).
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Fig. 1: Mesalazine release in the Paddle apparatus applying the USP QC method for
mesalamine delayed-release tablets, gastric residence time is plotted left from
x-axis, mean of n=3,+S.D.
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Fig. 2: Mesalazine release in the paddle apparatus applying pharmacopoeial QC
conditions for delayed release articles, gastric residence time is plotted left
from x-axis, mean of n=3,+ S.D.

Figure 2 shows the results obtained with the Ph.Eur./USP drug
release standard for delayed-release articles (Ph.Eur. 2011; USP
2013).

The rank order of the profiles obtained in this setup was dif-
ferent from that obtained with the USP method for mesalamine
delayed-release tablets. Unexpectedly, despite of its Eudragit®
S coating which compared to the Eudragit® L coating of the
Claversal® and Salofalk® tablets, should dissolve at higher
pH, Asacol® showed the fastest onset of drug release. For
the mezavant® 1200 mg tablets similar release profiles were
obtained in both pharmacopoeial setups. Drug release of this
formulation was very slow and incomplete within the test dura-
tion.

2.2. Release profiles obtained when simulating average
Jfasted gastrointestinal pH profiles

The next set of experiments was performed applying a compen-
dial pH-gradient method in USP apparatus 3, the Reciprocating
Cylinder apparatus (RRT 10 Erweka GmbH, Heusenstamm,
Germany) to simulate average fasted gastrointestinal pH-
conditions and residence times in healthy subjects (Klein et al.
2005; Klein et al. 2008). These dissolution test methods reflect
the changing environment as a dosage form moves through the
gastrointestinal tract and originally had been developed to pre-
dict the gastrointestinal release profile of different mesalazine
formulations. Since most of the tested dosage forms are rec-
ommended for administration in the fasted state, the test set-up
used in this study was designed to simulate fasted intralumi-
nal conditions. Fasted state residence times in the different
regions of the gastrointestinal tract were matched to mean transit
times reported in several gamma-scintigraphy and magnetic-
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Table 1: Test setup for simulating an average continuous and discontinuous passage through the fasted gastrointestinal tract of

healthy subjects
Gl segment Medium Residence times
Discontinuous SI passage Continuous SI passage
Stomach SGFsp pH 1.8 60 min 60 min
Proximal jejunum Blank FaSSIF pH 6.5 15 min 45 min
Distal jejunum Blank FaSSIF pH 6.8 15 min 45 min
Proximal ileum Blank FaSSIF pH 7.2 30 min 45 min
Distal ileum Blank FaSSIF pH 7.5 120 min 45 min
Proximal colon SCoF pH 5.8 360 min 360 min
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Fig. 3: Mesalazine release in the reciprocating cylinder apparatus simulating a fasted
discontinuous SI passage (shaded area), gastric residence time is plotted left
from x-axis, residence in jejunum and ileum is separated by a dotted line,
mean of n=3,+S.D.

marker-monitoring studies (Davis et al. 1986; Hardy et al. 1993;
Weitschies 2001). The pH values used to simulate the differ-
ent sections in the gastrointestinal tract resulted from various
clinical trials examining the pH-profile in healthy subjects and
patients with CD or UC, respectively (Fallingborg et al. 1998;
Press et al. 1998; Ewe et al. 1999; Nugent et al. 2001). Since
passage through the gastrointestinal tract can follow differ-
ent patterns, both a discontinuous and a continuous passage
through the small intestine (SI) were addressed in the experi-
ments (Table 1).

Figures 3—4 show the results obtained in fasted pH-gradients
during a discontinuous or continuous simulated gastrointestinal
passage, respectively. Compared to the official test methods,
these methods should give a better idea of when and to which
extent mesalazine might be released during a GI passage in an
“average” fasted patient.

Results from both setups indicate that in vivo drug release of all
formulations is likely to initiate in the ileum. After the initial lag
time in vitro drug release of the Eudragit® L coated Salofalk®
and Claversal® 500 mg tablets was complete before simulating
ileocecal passage. In contrast, the release behavior of Asacol®
400 mg and mezavant® 1200 mg was affected by the test design.
When comparing results from setups simulating a discontinuous
or continuous passage, before simulating entry into the colon
both tablet formulations had released a higher amount of drug
in the discontinuous setup, i.e. ~ 83 vs. 68 % for Asacol® 400 mg
and 42 vs. 16 % for mezavant® 1200 mg.

2.2.1. Simulation of patient-specific gastrointestinal
conditions

In the following set of experiments fasted gastrointestinal
pH-conditions and residence times in three different sub-
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Fig. 4: Mesalazine release in the reciprocating cylinder apparatus simulating a fasted
continuous SI passage (shaded area), gastric residence time is plotted left
from x-axis, residence in jejunum and ileum is separated by a dotted line,
mean of n=3,+S.D.

jects were simulated with the reciprocating cylinder apparatus
(Tables 2—-4).

The in vivo data used for designing the three in vitro test sce-
narios were taken from Ibekwe et al. (2008). The particular data
sets were chosen to reflect i) pH-conditions and residence times
similar to those used in the experiments simulating pH-profiles
in an “average” patient (Klein et al. 2005, 2008) (patient A),
ii) an unexpectedly high pH in the proximal small intestine and
long residence in the distal small intestine and ileocecal junction
(ICJ) (patient B), and iii) no significant pH increase along the
small intestine (patient C). The data set utilized to design the in
vitro scenarios was taken from the study arm where the radiola-
belled Bravo® pH capsule was administered after an overnight
fast.

The final set of experiments was performed in the biorelevant
stress test device (Garbacz et al. 2010), where in addition to the
pH-conditions and residence times given in Tables 1-3, pressure
that may act on the dosage forms during gastric emptying and
ileocecal passage and mechanical stress that may be caused by
small intestinal transport events were simulated (Garbacz et al.
2008).

Figures 5-7 show the release profiles obtained with the two
different setups addressing the pH conditions, residence times
(and mechanical impacts) during the gastrointestinal passage in
individual subjects.

Even though in one of the simulated patients pH in the upper
small intestine was rather high (pH 7.0, patient B), no drug
release could be observed of any of the tested formulation in
simulated pH-conditions of the upper small intestine. However,
the overall release profiles obtained in the three different patient-
specific test scenarios clearly indicate that the site and extent of
drug release from the different tablet formulations is strongly
dependent on both pH and residence time in the respective sec-
tions the gastrointestinal tract. Results obtained with the stress
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Table 2: Simulation of a fasted gastrointestinal passage in Patient A

Gl segment In situ pH Medium Residence time
Stomach 1.8£0.3 SGFsp pH 1.8 36 min
Proximal SI 6.0+04 Blank FaSSIF pH 6.0 70 min
Mid SI 7.0£0.8 Blank FaSSIF pH 7.0 73 min
Distal SI, ICJ 7.2+0.1 Blank FaSSIF pH 7.2 10 min
Proximal colon 7.1£0.3 Blank FaSSIF pH 7.1 240 min

Table 3: Simulation of a fasted gastrointestinal passage in Patient B

Gl segment In situ pH Medium Residence time
Stomach 13+£1.2 SGFsp pH 1.3 38 min
Proximal SI 7.0+£04 Blank FaSSIF pH 7.0 32 min
Mid SI 6.3£0.5 Blank FaSSIF pH 6.3 32 min
Distal SI, ICJ 75+02 Blank FaSSIF pH 7.5 199 min
Proximal colon 6.5+0.2 Blank FaSSIF pH 6.5 240 min
Table 4: Simulation of a fasted gastrointestinal passage in Patient C
Gl segment In situ pH Medium Residence time
Stomach 1.1£0.2 SGFsp pH 1.1 43 min
Proximal SI 62+1.2 Blank FaSSIF pH 6.2 126 min
Mid SI 6.7+1.2 Blank FaSSIF pH 6.7 125 min
Distal SI, ICJ 6.7+0.9 Blank FaSSIF pH 6.7 76 min
Proximal colon 5.8+£0.2 SCoF pH 5.8 240 min
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Fig. 5: Mesalazine release (mean of n=3,+ S.D.) during a simulated GI passage in
patient A: upper panel: reciprocating cylinder apparatus, lower panel: stress
test apparatus, gastric residence: left from x-axis; SI residence: shaded area,
residence in the different SI sections (proximal SI, mid SI, distal SI) is
separated by dotted lines.

test apparatus underline the observations made in the experi-
ments with the reciprocating cylinder apparatus and in addition
illustrate that drug release of the tested formulations can also be
affected by mechanical stress.
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Fig. 6: Mesalazine release (mean of

n=3,£S.D.) during a simulated GI passage in

patient B: upper panel: Reciprocating Cylinder apparatus, lower panel: Stress
test apparatus, gastric residence: left from x-axis; SI residence: shaded area,

residence in the different SI (
separated by dotted lines.

3. Discussion

proximal SI, mid SI, distal SI) sections is

According to the “Concept paper on the development of a guide-
line on the demonstration of therapeutic equivalence for locally

applied and locally acting p

roducts in the gastrointestinal tract”
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Fig. 7: Mesalazine release (mean of n=3,+ S.D.) during a simulated GI passage in
patient C: upper panel: reciprocating cylinder apparatus, lower panel: Stress
test apparatus, gastric residence: left from x-axis; SI residence: shaded area,
residence in the different ST sections (proximal SI, mid SI, distal SI) is
separated by dotted lines.

in vitro models could be considered surrogates of drug release
and availability at the site of action. This raised the question,
if it would be possible to define an adequate in vitro setup that
enables an exact prediction of both the site and extent of drug
release in the lumen of the gastrointestinal tract. For the pharma-
ceutical industry, particularly for companies developing generic
formulations such alternative approaches would indeed be of
great benefit since the acceptance of in vitro models for indi-
cating therapeutic equivalence of locally acting drug products
would help to save time and costs. However, the question is now
how to define appropriate test conditions for this purpose. Oral
mesalazine formulations represent a relevant case example to
discuss this question since i) there is a variety of mesalazine for-
mulations available on the market, ii) most of these formulations
are enteric coated, i.e. are characterized by pH-dependent drug
release, iii) mesalazine itself has a pH-dependent solubility and
iv) the drug is used in the treatment of both CD and UC, two
IBDs that are characterized by different patterns of inflamma-
tion and thus require the administration of dosage forms with
particular release patterns. Since an effective anti-inflammatory
therapy of the two diseases relies on effective luminal drug con-
centrations at the site(s) of inflammation, it is crucial to select
the right dosage form for each individual patient. To be reliable
and predictive of both the efficacy and the safety of the locally
acting drug product, an in vitro method must thus address all
parameters that can affect the in vivo drug release of the product.
The present set of experiments was performed to screen the
applicability of different in vitro drug release methods, including
pharmacopoeial methods (Ph.Eur. 2011; USP 2013), pH-
gradient methods that simulate gastrointestinal pH-conditions in
“average” fasted subjects (Klein et al. 2005, 2008) and, patient-
specific models simulating intraluminal fasted pH-conditions
and passage times (and gastrointestinal stress events) in three
fasted individuals.

Results from the experiments performed with the pharma-
copoeial test methods (Figs. 1-2) indicated that these methods
might hardly be applicable for predicting therapeutic effective-
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ness of a particular product. These methods represent two/three
stage models representing a simplistic snapshot of a dosage
forms gastric and small intestinal residence. The release profiles
obtained when studying drug release of the four enteric-coated
mesalazine tablets with the two pharmacopoeial setups were
characterized by different lag times before initial drug release
and also the order of the profiles changed with the test design.
Since the cited test methods do neither address typical residence
times in the different gastrointestinal segments nor the detailed
pH changes during small intestinal passage, results obtained
with these methods might be useful for QC purposes but do not
allow for estimating site and extent of invivo drug release of
the formulations tested.

Since the in vitro methodology was already proven to be pre-
dictive for invivo drug release of a new site-specific delivery
system intended to be applied in UC therapy (Klein et al.
2008), results obtained from the simulation of average fasted
gastrointestinal pH-conditions and transit times in the recipro-
cating cylinder apparatus were supposed to give a much better
estimate of timing, site and extent of in vivo drug release. Inde-
pendent of simulating a continuous or a discontinuous passage
through the small intestine, the onset of drug release from all
tested formulations could be observed under simulated ileal
conditions (Figs. 3—4). However, whereas drug release of the
two Eudragit® L coated formulations Salofalk® and Claversal®
500 mg was similar and complete within the simulated small
intestinal passage, significant differences could be observed in
the amount of mesalazine released from Asacol® 400 mg and
mezavant® 1200 mg when comparing profiles obtained in the
continuous and the discontinuous setup. Since the gastrointesti-
nal passage of an orally administered dosage form is a process
that is subject to high intra- and interindividual variability, these
observations already reveal that there will be no one-fits-all
invitro test method being predictive for the in vivo efficacy or
the therapeutic equivalence of (a) locally acting gastrointestinal
drug product(s).

The development of test setups simulating gastrointestinal pH-
conditions in an “average” patient had been an important step
towards the prediction of in vivo drug release of oral modified-
release dosage forms. However, in recent years, it became
obvious that site and extent of invivo drug release from oral
modified-release dosage forms is not only a result of pH and
residence times but can also be affected by other physiological
parameters, like for instance the composition and ionic strength
of the gastrointestinal fluids (Fadda et al. 2009) or the physical
stress acting on the dosage form during gastrointestinal passage
(Garbacz et al. 2010). The latter aspect is particularly true for
non-disintegrating monolithic dosage forms (Garbacz and Klein
2012), such as enteric-coated mesalazine tablets. Another point
to consider is that an in vitro setup simulating average gastroin-
testinal pH-conditions and transit times might not adequately
address intra- and inter-subject variability of the parameters
relevant to drug release in the gastrointestinal tract.

For these reasons, a final series of experiments was performed
applying a novel test design, in which in vitro test settings were
adapted to individual gastrointestinal pH-values and residence
times reported in the literature (Ibekwe et al. 2008). In the first set
of experiments so-called patient-specific in vitro models reflect-
ing intraluminal fasted pH-conditions and passage times in three
fasted individuals were established to study the robustness of
drug release of the four enteric-coated mesalazine tablet formu-
lations towards variations in gastrointestinal pH and residence
times. In the second set of experiments individual pH-conditions
and residence times were combined with simulated gastroin-
testinal stress events as they can occur during gastric emptying,
passage through the small intestine and passage through the
ileocecal junction.
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However, at this point, it should be noted that even though
focussing on the establishment of advanced individualized meth-
ods, in the present study, it was necessary to make some
compromises in the test design. As we had no access to detailed
data sets of CD and UC patients, the individual pH-profiles and
residence times simulated in the “patient-specific experiments”
were from healthy subjects. The media used to simulate intralu-
minal conditions were aqueous buffer systems with no bile salts
and phospholipids added (blank biorelevant media). Moreover,
for each individual subject and each gastrointestinal segment
we had to work with a fixed combination of pH and residence
time. This scenario does not reflect every detail of the fluctuat-
ing intraluminal conditions when a dosage form passes along the
gastrointestinal tract. Nevertheless, results obtained in this last
part of our study clearly indicate the importance of adequately
addressing the individual patient when selecting the optimal
dosage form and also when screening therapeutic equivalence
of locally applied and locally acting gastrointestinal products.
As expected, in all simulated individuals, the four tablet formu-
lations showed enteric properties. The release profiles obtained
when simulating gastrointestinal pH conditions and residence
times in patient A in the reciprocating cylinder apparatus were
similar to those obtained with the “average fasted patient” setup.
When using the same apparatus to simulate the gastrointestinal
passage in patient B, even though the formulations bear different
polymer coatings, a burst-like drug release with superimpos-
able release profiles could be observed for Salofalk® 500 mg,
Claversal® 500 mg and Asacol® 400 mg tablets when the pH
was changed to ileal conditions in that patient (pH 7.5). This
observation was clearly a result of the media pH which for the
polymeric coating materials of all three formulations was quite
higher than the minimum pH required for polymer dissolution.
The time before the onset of drug release from the mezavant®
1200 mg tablets which are also coated with a gastro-resistant
pH-dependent polymer film that is intended to break down at or
above pH 7 (Eudragit® L/S mixture) was also a result of the intra-
luminal pH-conditions. However, since the tablet core represents
a prolonged-release tablet where mesalazine is embedded into a
matrix of hydrophilic and lipophilic excipients, a burst release
was not seen. When simulating a gastrointestinal passage in
patient C in which intraluminal pH did never increase pH 7,
essentially different release profiles were obtained for the dif-
ferent tablet formulations. According to the in vivo results, in
this individual subject Salofalk® and Claversal® 500 mg tablets
would completely dissolve in the mid small intestine, whereas
Asacol® 400 mg would hardly release any drug in the small
intestine and subsequent drug release in the proximal colon
would also be poor and incomplete. Even though at a first sight,
the release profiles of the mezavant® tablets looked very simi-
lar in the three simulated patients, with a closer look it became
obvious that the amount of drug released before the simulated
ileocecal passage ranged from ~15 % in patient A through
~ 45 % in patient C to ~80 % in patient B.

It can be summarized that the results obtained in these first
experiments with individualized setups, tell their own tale and
point out the importance of addressing different patient scenar-
ios. Since neither the pH-conditions in the gastrointestinal tract
nor the residence time of a dosage form in the different gastroin-
testinal sections follow a fixed scheme, the results again confirm
that release data obtained with a simple test setup can be totally
misleading when the aim is to predict the ability of a dosage form
to release the active at a particular site and to a particular extent.
The results obtained in the stress test experiments, where in
addition to pH and residence times, also typical gastrointestinal
stress was addressed, also confirm this statement since in this
setup, even though the same media set and residence times were
applied, the release behavior of the test formulations was again

540

different. The longer lag times before initial drug release that
were observed in this setup were most likely a result of the
hydrodynamic conditions. Whereas in the reciprocating cylin-
der setup the cylinder holding the dosage form is continuously
agitated with 10 dpm, in the stress test device there are long
phases where the mesh screen holding the dosage form is
simply immersed in the release medium which itself is agitated
by a small stirring device. In these phases the shear forces
acting on the dosage form are likely to be much lower than
during continuous reciprocation in the reciprocating cylinder
apparatus resulting in slower dissolution. After the initial lag
time, still a relatively fast drug release could be observed for
Salofalk® and Claversal® 500 mg tablets. However, according
to the test results, in patient A, this would no longer take
place in the ileum, but in the proximal colon. In the same
simulated patient, drug release from Asacol® 400 mg tablets
was incomplete and it became also obvious that pressure acting
on the dosage form during simulated pyloric and ileocecal
passage had a significant impact on the release behavior of the
mezavant® 1200 mg tablet formulation. The same observation
was made in the stress test scenario simulating patient B. In
contrast, stress test experiments simulating conditions in patient
C resulted in highly variable release profiles for the mezavant®
formulation. Overall mechanical pressure seemed to result in
compaction of the tablet core matrix which came along with
lower drug release rates.

In summary, results from our first in vitro approaches in simu-
lating gastrointestinal passage in individual subjects were very
promising in terms of getting an idea of where and to which
amount the drug mesalazine might be released invivo. The
results obtained with our individualized test methods indicate
that drug release of mesalazine dosage forms will be highly
affected by both, formulation design and a whole range of
physiological parameters. Therefore, in future experiments, the
“patient-specific” in vitro methods will be further fine-tuned to
even better simulate media composition and residence times in
the lumen of healthy subjects, CD and UC patients. Based on the
observations made in the present study, mesalazine formulations
that might show similar dissolution profiles in a certain in vitro
setup will not necessarily do the same after oral administration
to a certain patient. The same is likely to be true for the entire
range of enteric coated products intended to show a local action
in the gastrointestinal tract. Thus, when the aim is to use results
from in vitro models as a surrogate for the in vivo performance
of such dosage forms, it is important to address gastrointestinal
conditions in a whole range of patients in the in vitro model.
Results obtained in the present study clearly indicate that sim-
ple QC methods are not applicable to predict the therapeutic
equivalence of locally applied and locally acting products in
the GI tract. It is overall unlikely to determine a “one-fits-all”
in vitro method for this purpose. However, this does not neces-
sarily mean that in vitro models cannot provide valid surrogates
of invivo drug release and availability at the site of action.
With a set of physiologically-based dissolution models taking
into account the particular features in gastrointestinal physiol-
ogy and typical dosing scenarios in the target patient group,
one should be able to estimate the in vivo performance of dif-
ferent formulations, to discriminate between formulations and
finally to contribute to a safe and effective drug therapy for the
individual patient.

4. Experimental
4.1. Materials and products studied

Mesalazine standard substance, batch # 107K1265 was purchased from
Sigma Aldrich, Steinheim, Germany. The products studied were: Claversal®
500mg tablets (batch # 184990, Recordati GmbH, Ulm, Germany),
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Salofalk® 500 mg tablets (batch # 11K18919L, Dr. Falk Pharma GmbH,
Freiburg, Germany), Asacol® 400 mg tablets (batch # 08B75A01,
Meduna Arzneimittel GmbH, Aschaffenburg, Germany) and mezavant®
1200 mg gastro-resistant prolonged release tablets (batch # NX133, Shire,
Berlin, Germany). Glacial acetic acid, potassium dihydrogen phosphate,
potassium hydrogen phosphate, sodium chloride, sodium dihydrogen
phosphate, sodium hydrogen phosphate, sodium phosphate, sodium hydrox-
ide and hydrochloric acid were all of analytical grade and purchased
commercially.

4.2. Drug release experiments and sample analysis

All invitro drug release experiments were run in triplicate and results
expressed as mean % (+SD) dissolved at the given sampling time. The
following setups were applied:

4.2.1. Pharmacopoeial test methods

The initial set of experiments was performed using the USP method for
mesalamine (mesalazine) delayed-release tablets (USP 2013), i.e. the pad-
dle apparatus, starting with 500 mL 0.1 N HCI and a paddle agitation of
100 rotations per minute (rpm). After 2 h, the acid was replaced by 900 mL
phosphate buffer pH 6.0. After another hour, the pH of the medium was
adjusted to pH 7.2 by adding 50 mL of a 1.67 N NaOH solution and the
experiment was continued for 3 h at a paddle speed of 50 rpm. Another set
of experiments was performed using the Ph.Eur/USP drug release stan-
dard for delayed-release articles, method A (Ph.Eur. 2011; USP 2013), i.e.
the Paddle apparatus at 50rpm. The experiment was started in 750 mL
0.1 N HCI. After 1h, 250mL of a 0.2N NazPOy4 solution was added to
obtain a pH of 6.8. The test was then continued for 5h In all experi-
ments samples (5 mL) were periodically removed using a glass syringe and
immediately filtered through a 0.45 wm cellulose acetate filter (Puradisc®
FP 030/0.45 CA, Whatman GmbH, GE Healthcare & Sciences, Dassel,
Germany).

4.2.2. Simulation of average fasted gastrointestinal pH profiles

Experiments were performed using a compendial pH gradient in USP
apparatus 3 (Reciprocating Cylinder apparatus, RRT 10, Erweka GmbH,
Heusenstamm, Germany) (Klein et al. 2005, 2008). Each vessel was filled
with 200 mL of media at 37+ 0.5 °C. Mesh sizes of 420 wm were used for
both the top and bottom mesh of the glass cylinders holding the dosage
forms throughout the test. For all experiments, a dip rate of 10dpm was
used. Samples (5 mL) were periodically removed with a glass syringe and
immediately filtered through a 0.45 wm cellulose acetate filter (Puradisc®
FP 030/0.45 CA, Whatman GmbH, GE Healthcare & Sciences, Dassel,
Germany).

4.2.3. Simulation of patient-specific gastrointestinal conditions

Experiments with the reciprocating cylinder apparatus were performed with
the same apperative settings as in the previous experiments. Stress test exper-
iments were performed with the biorelevant stress test device developed by
Garbacz (Garbacz et al. 2010) (Physiolution GmbH, Greifswald, Germany
& Erweka GmbH, Heusenstamm, Germany). Maximum pressures as they
can occur during gastric emptying and ileocecal passage were simulated
by 3 consecutive pressure cycles of 300 mbar, each of them acting on the
dosage form for 6s. To simulate transport from the stomach into the small
intestine or from the small intestine into the colon, respectively, both pres-
sure phases were followed by 1 min of intensive dosage form movement
in the test medium, i.e. by a fast rotation (100rpm) of the mesh sphere
holding the dosage form. Transport events in the small intestine were simu-
lated by mesh sphere rotations at 10 rpm for 1 min taking place in 10 minute
intervals.

4.2.4. Sample analysis

Following appropriate dilution all samples were analyzed at 231 nm
(pH<1.8) or 331 nm (pH>5.8) with a UV spectrophotometer equipped
with a 10 mm quartz glass cuvette (U 2000, Hitachi, Tokyo, Japan).
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