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The hydration of 4 mg Cardura XL (Pfizer™), a commercially available gastrointestinal therapeutic system
(GITS) tablet, was investigated using magnetic resonance imaging (MRI). A short echo time (T, =2.81 ms)
technique for MRI of the hydration of a GITS tablet was implemented. From the MR images, signal intensity
profiles were generated and interpreted in the context of diffusive and osmotic transport mechanisms.
A distinct transition from diffusive to osmotic transport was measured at a timescale relevant to the
measured drug release time. Diffusion and osmotic rate coefficients for water in the drug and polymer
sweller layers of the tablet were quantified. Spin-lattice T; and spin-spin T, relaxation times of the water
signal from within the tablet were measured as a function of hydration time in order to incorporate
the effects of relaxation into interpretation of signal intensity and provide unique information on the
distribution of water in different physical and chemical environments within the tablet.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Gastrointestinal therapeutic system (GITS) tablets utilize
osmotic pressure and polymer swelling to deliver active phar-
maceutical ingredients in a controlled, steady and reproducible
manner. Typically, these tablets consist of two osmotic layers — a
drug layer and a water-swellable polymer layer, which are com-
pressed to form a tablet core. The core is coated with a hard
cellulosic membrane that is permeable to water but impermeable
to ions, the drug and osmotic excipients. The coating contains one
or more delivery ports through which the swelling polymer layer
“pumps” out a drug suspension after sufficient tablet hydration.
The first osmotic pump system which was commercialized for oral
drug delivery was developed by Felix Theeuwes in the mid-1970s
(Theeuwes, 1975). Since that time, a variety of osmotically con-
trolled oral drug delivery systems have been developed, and these
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form a major segment of drug delivery products today (Verma et
al,, 2000; Cardinal, 2000).

In vitro and in vivo drug release (dissolution) testing are prob-
ably the most common analytical methods for characterizing the
performance of pharmaceutical tablets. Other common methods of
characterizing the performance of controlled-release (CR) dosage
forms include infrared (IR) spectroscopy, differential scanning
calorimetry (DSC), and X-ray diffractometry (XRD). These meth-
ods can provide information about the physiochemical behaviors of
both the active pharmaceutical ingredient (API) and the excipients
of a formulation, and may help to identify processing constraints
and how the excipients affect drug release and tablet performance.
However, these methods provide no direct information about the
microstructural changes within the tablet or the transport mecha-
nisms that may be impeding or promoting drug release.

Confocal laser scanning microscopy (CLSM) has been used to
study particle deformation during tablet compression (Guo et al.,
1999) and to measure the distribution of drug within solid dosage
forms during hydration (Cutts et al., 1996). Albeit non-invasive,
CLSM requires that the material being probed be fluorescent and
therefore requires a model fluorescent sample in place of the true
dosage form.

The standard analytical methods for characterizing tablets do
not directly provide information on the morphological and com-
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Fig. 1. Cross-section of an osmotic bilayer gastrointestinal therapeutic system
(GITS) tablet.

positional changes in the tablet that occur during the drug release
process. In order to efficiently formulate and optimize CR dosage
forms, an analytical method which non-invasively permits the in
situ measurement of the microstructural changes which occur dur-
ing tablet hydration, swelling and drug release in a real (not an
altered model) system would be extremely useful.

Magnetic resonance imaging (MRI) is a non-invasive method
which does not require a “model” sample. 'H MRI can measure
water concentration if the T, times of the water are longer than
the echo time of the MRI sequence and if all other protons in the
sample, i.e. protons that are not from water molecules, have much
shorter T, times, as is the case in the sample used for this study.
Therefore, the MRI techniques used here provide spatially resolved
images of the penetration of water into the tablet with resolution
on the order of hundreds of microns.

Nuclear magnetic resonance (NMR) and MRI have previously
been used for pharmaceutically relevant applications to study the
hydration of polymers such as hydrogel formation and polymer
swelling (Fyfe and Blazek, 1997; Bowtell et al., 1994; Tritt-Goc
and Kowalczuk, 2005; Dahlberg et al., 2007), the diffusion and
kinetics of water uptake in tablets (Melia et al., 1998; Baille et
al., 2002; Malveau et al., 2002; Therien-Aubin et al., 2005) and the
microstructural transformation in degradable bioceramics (Bray et
al., 2007). MR imaging of tablets in deuterated dissolution media
has been used to follow drug solubilization and release and/or the
spatial distribution and dynamics of protonated excipients (Black et
al., 1998; Dahlberg et al., 2007). MRI was used to qualitatively eval-
uate GITS tablets which showed different release patterns of drug
during quality control testing (Shapiro et al., 1996) and recently a
benchtop-MRI system was used to characterize and compare vari-
ous formulations for Isradipine push-pull tablets (Malaterre et al.,
2009). In this work, these studies have been extended to quantify
the transition from diffusive to osmotic transport.

2. Materials and methods

Commercially available 4 mg Cardura XL (Pfizer™) GITS tablets
were used for the study. These bilayer osmotic tablets are often
referred to as “push-pull” tablets and consist of a drug-containing
(Doxazosin Mesylate) “pull” layer and an osmotic water-swellable
polymer “push” layer. The solubility of doxazosin at 25°C is
0.008 g/100 g water (Niazi, 2004). The Cardura XL GITS tablets used
here contained the strong osmotic agent, NaCl, in the sweller layer.
The layers are bonded together through tablet compression to form
a single tablet-shaped core which is enclosed by a semipermeable
coating with a single laser-drilled delivery port as depicted in Fig. 1.
The Cardura XL tablets used are approximately 9 mm in diameter
and 5 mm thick and have mass 290-300 mg.

Deionized water was used to hydrate the tablet. When a GITS
Cardura XL tablet is placed in an aqueous environment, due to
the presence of osmotic excipients in both of the tablet’s layers,
diffusive and osmotic processes transport water into the tablet. A
suspension of the poorly water soluble drug and excipients forms

in the drug layer while the water swellable polymer in the “push”
layer begins to expand. As the “push” layer expands, the drug sus-
pension is released through the delivery orifice (Chung et al., 1999).
The highly engineered GITS tablet releases drug at an approx-
imately steady rate for 12-18 h under physiological conditions
(Fig. 3).

2.1. Dissolution (drug release) studies

The release rate of doxazosin mesylate was determined by using
a USP Apparatus II dissolution apparatus with a paddle rotation
rate of 75 rpm. Dissolution was performed using standard physio-
logic conditions as well as the conditions at which the MR imaging
experiments were conducted.

The dissolution medium was either de-aerated simulated gastric
fluid (SGF), without enzyme, at pH 1.2 and 37 °C (standard condi-
tions), SGF without enzyme, at pH 1.2 and 20°C or deionized water
(DI H,0) at 20°C (MR imaging conditions). The sample aliquots
were quantified using HPLC with spectrophotometric detection.
Preparation for the dissolution test began by adjusting the paddle
height to 2.5 £+ 0.2 cm from the bottom of the vessels as required by
the USP. Dissolution medium was placed into the dissolution vessel
and the temperature was equilibrated to the specified temperature.
With paddles rotating, placement of one previously weighed tablet
was made into the dissolution vessel. An automated sampling sys-
tem was used to collect samples at pre-determined times. A 10 pum
full flow filter was fitted to the sample sippers, and the sampler was
programmed to withdraw 1-mL at each time point. Time points of
1,2,3,4,5,6,7,8,12 and 18 h were collected. The doxazosin con-
centration was analyzed for each time point. The results are shown
in Fig. 3.

2.2. Magnetic resonance imaging studies

Deionized water at ambient temperature, 20 °C, was used as the
dissolution media for these initial MR imaging studies in order to
prevent complicating image interpretation with the presence of
salts, sugars, etc. Temperature control on the NMR spectrometer
currently limits the study to 20°C.

In 'H MRI experiments the nuclear magnetic moments of hydro-
gen atoms in a sample are spatially labelled via linearly varying
magnetic fields G so that the position of the spins r can be encoded
via the precession (Larmor) frequency w: w(r)=y(B, +G(r)) where
B, is the static magnetic field. If the recovery time T; of the exper-
iment is 1.5 times longer than the spin-lattice relaxation time T;
of the water inside the GITS tablet and the echo time T is cho-
sen to be significantly shorter than the spin-spin relaxation time
T, of the water in the tablet and longer than the T, of any other
protons (such as those on polymer excipients) then Fourier trans-
formation of the acquired signal produces a spatial distribution of
water density within the tablet. The details of magnetic resonance
theory and imaging methods can be found elsewhere (Callaghan,
1991; Blumich, 2005).

The sample was placed in a 500 mL deionized water reservoir
to prevent drug saturation of the fluid surrounding the tablet and
to accurately reflect the conditions of the dissolution study for
comparison. The spectrometer compatible tablet holder and exper-
imental setup are depicted in Fig. 2.

A Bruker Avance III 300 MHz wide vertical bore spectrometer,
a 3D gradient coil (1.48T/m) and a 30mm !'H probe were used
for the imaging studies. The gradient coil temperature was main-
tained at 20°C throughout the imaging experiments. A standard
slice selective spin-echo sequence with an echo time T, of 2.81 ms
and a recovery time T, of 1 s were used. Each image consisted of 20
averages obtained over approximately 43 min with a slice thickness
of 2mm and an in-plane resolution of 312 wm x 234 wm.
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Fig. 2. Experimental setup. The tablet holder is placed in the bore of the Bruker Avance IIl 300 MHz wide vertical bore spectrometer so that the tablet lies in the active region

of the 30 mm radio frequency (rf) coil.
2.3. Magnetic resonance relaxometry studies

Relaxometry studies were conducted in a Bruker DRX 250 MHz
vertical bore spectrometer equipped with a 10mm 'H probe.
Tablets were soaked in 500 mL of deionized water on the bench
top, then gently dried and placed completely in the active region
of the probe. A Carr-Purcell-Meiboom-Gill (CPMG) (Carr and
Purcell, 1954) one-dimensional pulse sequence and Laplace inver-
sion (Godefroy and Callaghan, 2003) were used to determine the
distribution of T, relaxation times present in the tablets for a range
of hydration times. The T; relaxation times of the tablets were
determined using a 90° pulse experiment to determine the T; at
which full signal recovery had occurred.

2.4. Transport modeling

For this study, the simplest transport model was chosen to
reflect the order of magnitude of the diffusivities, and in partic-
ular, elucidate differences in timescales and identify when changes
in the mechanism of transport occurs. A one-dimensional mass
conservation model was used in order to identify the dominant
transport mechanisms and to estimate effective transport coeffi-
cients for flux of water into the GITS tablet. This simple transport
model was chosen because GITS tablets have been shown to
have zero-order release kinetics and are minimally affected by
environmental factors such as pH or convection (Conley et al.,
2006; Theeuwes, 1975). Specifically, doxazosin GITS tablets have
been shown to perform independently of stir rate in the range of
50-100 rpm and are unaffected by pH in the range of 1.2-7.5 (Chung
et al, 1999).

Approximating the 3D tablet as a 1D rod is the first step in
showing the significant data MR images can provide regarding the
transport mechanisms in real tablet systems. The 1D mass conser-
vation transport equation is

de_pite N
ot~ Tox2 1

The transport has been broken into two mechanisms: molecular
diffusion with effective diffusivity D and osmotic pressure driven
flux, N= KA. The osmotic flux occurs across a membrane of thick-
ness | and with permeability coefficient K considering only the
osmotic pressure driving force Am (Mccabe et al., 2005).

Solving Eq. (1) with D(0%c/dx2)> (N/I), the diffusion dom-
inated transport regime, and subject to the initial condition

_ fx)=1, x<O0orx>1L
€(x0)=flx) where f(x)=0, O0<x<lL

(1)

and boundary condi-

tions c(0,t)=c(L,t)=1 forarod of length L results in the Fourier series
solution,

o0
c(x,t)=1+ Z%(cos(nn) —1)sin (”Lﬂ) e (On*?t/12) (2)
n=1

Eq. (2) can be fit to the experimentally obtained c(x,t), i.e. nor-
malized signal intensity, and D can be determined.

In the osmotic pressure dominated transport regime
(N/I)>> D(0%c/0x?), the osmotic pressure driving force can be
approximated using Van't Hoff's Law (Fournier, 1999),

RT RT
A = VTV In(ywxw) = —@xs 3)
where R is the ideal gas constant, T is temperature, V., is the molar
specific water volume, x,y is the mole fraction of water and yy is the
water activity coefficient. For a dilute ideal solution approximation,
the osmotic pressure is related to xs the mole fraction of solute in
the tablet sweller layer. Substituting x; =1 — x,, into Eq. (3) enables
A to be written in terms of normalized water concentration c,
RT RT
An:—v—l(l—xw)fv—v—l—i-RTc (4)

w w

Plugging this relation into Eq. (1) for negligible diffusive trans-
port generates a solution of the form c(t) =coeft with f=KRT]/I.

Fig. 3. Drug release profiles obtained using standard dissolution conditions (SGF,
37°C) and using the conditions present in the MR imaging experiments (DI H,0,
20°C). The drug release profile obtained using SGF at 20°C shows that the differ-
ence in the MR imaging conditions profile from the standard dissolution conditions
profile is due to the effects of temperature on diffusion rates. The paddle mixing rate
was maintained at 75 rpm for all dissolution studies in order to prevent inaccurate
drug release measurements. MR images were obtained under stagnant conditions,
without mixing.
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Fig. 4. Images of the trial 3 Cardura XL tablet over a 16-h time period. The signal intensity for each image is averaged over a 43 min time period. The gradual increase in signal
intensity inside the tablet is due to tablet hydration. The hydration of the sweller layer causes it to swell, pushing the drug suspension into the surrounding dissolution fluid
through the laser-cut orifice at the top of the membrane. A spin echo sequence with T, =1s, T, =2.81 ms, slice thickness=2 mm and in plane resolution=312 pum x 234 um

was used for all images.

3. Results and discussion
3.1. Dissolution profile

Dissolution studies (Fig. 3) showed that the time required for
100% drug release under standard dissolution conditions is approx-
imately 12-18 h. During the drug delivery process, the drug is
released at an approximately constant (apparent zero order) rate

through the single delivery port at the top of the tablet. Using
the MR imaging experimental conditions (DI H,0, 20°C) for dis-
solution testing resulted in 65% drug released after 18 h. The
drug release profile obtained using SGF at 20°C, shows that the
difference in the release profiles is due to the effects of tem-
perature on diffusion rates (Bird et al., 2002). As expected, drug
release was found to be independent of the dissolution media
used (Chung et al., 1999). The dissolution performance of the

Fig.5. Comparison of the trial 1 Cardura XL tablet MR images (far right) to digital images of a tablet (in 500 mL of deionized water in a glass beaker) corresponding to the same
soaking times. Images from left to right: tablet soaking in beaker of water; tablet after removing it from the water; cross-section of tablet after slicing it in half longitudinally;
MR image of tablet placed in MR tablet holder at corresponding hydration time. Corresponding features in the images include the drug suspension deposited on the upper
surface of the tablet, clear distinction between the drug and sweller layers, and swelling of the sweller layer.
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Fig. 6. Log scale T, relaxation time distributions in the Cardura XL tablet (a) dry and at hydration times (b) 1h (c)4h (d) 8 h and (e) 16 h. The dashed line in each distribution

marks the 2.81 ms echo time used in the 2D MR imaging experiments.

tablets was found to be extremely reproducible under all conditions
tested.

3.2. MR images

Three separate experiments on different tablets (trials) were
conducted over a 16 h time period. The results from ‘trial 3’ are
shown in Fig. 4. The ‘trial 3’ images were selected because this trial
had the best time resolution of 20 images taken over the 16 h time
period. The images for all trials are similar as reflected in the sub-
sequent data analysis and transport modeling which incorporates
data from all three trials.

The T; relaxation of the bulk water (T;py >3 s) surrounding
the tablet is longer than the experiment T; of 1s. Therefore in that

region the image intensity does not directly reflect water density as
it is T;-weighted and hence the observed signal intensity is lower
than in regions of the tablet with T; « T, which do accurately rep-
resent water density.

In Fig. 5 the MR images taken at three different times (339,
689 1300 min) are compared to the optical images of GITS tablets
soaked for the corresponding time period. Within the tablet layers,
the MR images show an increase in signal intensity over time due
to increasing water concentration within the tablet as it hydrates.

3.3. Relaxation times and the impact on imaging

In order to use the MR images to investigate water transport in
the drug and sweller layers of the tablet, it is necessary to determine
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Fig. 7. Signal intensity profiles for the drug layers for each of the three trials show similar behavior. Each line of data corresponds to the line through the drug layer (top
left) for each image, or time point. The dashed line at position 4.5 mm corresponds to the data analyses shown in Fig. 10. Note the signal intensity variation with time in the

membrane, dashed line at position 0.7 mm.

that the image intensities accurately reflect water concentration in
these regions. A study of the relaxation times, T, and Ty, in the
tablet throughout the 16 h hydration period allowed a high degree
of confidence that this was the case.

In Fig. 6, distributions of T, relaxation times are presented for
tablets hydrated for 1, 4, 8 and 16 h. For all hydration times, the

two primary measured relaxation populations are at approximately
10 ms and greater than 40 ms. We currently interpret these distinct
populations as belonging to distinct regions in space, within which
the spins could be in fast exchange with the rigid polymers in that
region. The very short T, signal, i.e. fast T, relaxation time (<1 ms) is
from protons located on the rigid polymer molecules of the tablet,

Fig. 8. Signal intensity profiles for the sweller layers for each of the three trials show similar behavior. Each line of data corresponds to the line through the sweller layer
(top left) for each image, or time point. The dashed line at position 4.5 mm corresponds to the data analysis shown in Fig. 11. Note the signal intensity variation with time in

the membrane, dashed line at position 0.7 mm.
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Fig. 9. The model signal intensity profile was generated using the 1D diffusion model (Eq. (2)) for a time period of 60-900 min. The model provides a basis with which to
interpret the diffusive behavior of the osmotic GITS tablets and to estimate effective diffusivity of water within the drug and sweller layers.

as evidenced by measurement of the T, distribution of a dry tablet,
and these protons will therefore not contribute to the image signal
acquired using a T of 2.81 ms, but they will influence the T, of the
water due to the fast exchange with the surrounding water. As a
specific region is hydrated then the relative population exchange
between the relaxation sites on the polymers will decrease and the
relaxation time of water in that region will increase.

The very short T, signal, (<1 ms) will not contribute to the image
signal acquired using a T, of 2.81 ms.

Between the 1h (60min) and 4h (240 min) hydration time
points, the short T, (~9 ms) population broadens and yet remains
approximately constant in net area. However, the longer T, relax-
ation time population significantly increases in area. Based on the
images in Fig. 4, the longer T, relaxation time population is the
water in the drug layer as this is the region where signal increases
in the images during the first 4 h.

Between the 4h (240 min) and 8 h (480 min) hydration times,
the net area associated with the longer T, relaxation time popula-
tion remains fairly constant. Referencing the images of Fig. 4, the
drug layer signal remains fairly constant between 4 h (240 min) and
8 h (480 min), which provides additional support for the conclusion
that the longer T, relaxation time population is the water within
the drug layer.

For all the T, values present, the 2.81 ms echo time used in the
MR images would result in no T,-weighting in the drug layer and
only slight T,-weighting in the sweller layer.

Understanding whether T;-weighting is occurring within the
tablet region of the MR images with a Tr=1s is important as it
is assumed for subsequent analysis and modeling that the signal
intensity in the tablet reflects water concentration. The approxi-
mate T, at which signal intensity remained steady for free water
was approximately 5s, so there is definitely T;-weighting in this
region. However, this is of no concern as we do not need to mea-
sure water concentration in the surrounding bulk water. For a
tablet hydrated for 1h, T; 600 ms and for a tablet hydrated for
8-16h, T; ~200 ms. This analysis indicates that a small amount of
T;-weighting of the signal from within the tablet was present at
early times in the tablet imaging studies, but that T;-weighting
was not significant at hydration times beyond 6 h. The longer T4
at early hydration times is probably due to the heavier weighting
of the overall tablet signal by the polymer which will have long
T, values. Therefore, the T;-weighting of the water is likely to be
even less than the small amount these values suggest, indicating a
direct correlation between signal intensity and water concentration
is valid.

3.4. Estimating effective diffusion and the rate of osmotic
transport

For each image acquired over the 16-h hydration time, sig-
nal intensity data for a 624 wm wide and 9 mm long horizontal
region was selected from each layer of the tablet (top left image
in Figs. 7 and 8). The signal intensity data for each image, i.e. time
point, was normalized to the average signal intensity of the sur-
rounding water, as it was assumed that the T; -weighting of the bulk
water was stable over the duration of the experiment. The plots of
spatially and temporally varying signal intensity reveal the trans-
port behavior of water in the drug (Fig. 7) and the sweller (Fig. 8)
layers. The signal intensity profiles for each of the three trials show
the same behavior.

The 1D time-dependent diffusive model Eq. (2) yields the
concentration profiles shown in Fig. 9 for a diffusivity value of
D=1.8 x 10719 m2/s. For reference, the free diffusivity of water at
20°Cis 2.2 x 1072 m2/s (Mills, 1973).

Signal intensity for a region (area=624 pm x 234 pum) located
in the center of each layer of the tablet (dashed lines located at
x=4.5mm in Figs. 7 and 8) was used to estimate the effective dif-
fusivity of water in both the drug (Fig. 10) and sweller (Fig. 11)

Fig. 10. Diffusive transport in the drug layer. The data shown is taken from a pixel
(area: 624 wm x 234 um) in the center of the drug layer (dashed line at 4.5mm
in Fig. 7). Comparing this behavior to the diffusion model (dashed lines), the dif-
fusivity for the water moving into the drug layer appears to lie in the range of
D=33x10"1"m2/sto D=8.3 x 10-1° m?/s.
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Fig. 11. Diffusive and osmotic transport in the sweller layer. The data shown is taken
from a single pixel in the center of the sweller layer (dashed line at 4.5 mm in Fig. 8).
There appears to be a hydration “lag time” after ~200 min for each trial. Comparing
the initial hydration behavior to the diffusion model (dashed line), the diffusiv-
ity for the water moving into the polymer sweller layer during the first 600 min
appears to lie somewhere around D=8.3 x 101 m?/s. The sweller layer behavior
after t=600min is non-diffusive and suggests an osmotic transport mechanism.
The increase in signal intensity, i.e. water concentration, at t > 600 min was approx-
imated using an exponential model and the equations for the exponential increase
in signal intensity are shown.

layers. In the drug layer (Fig. 10) between 200 and 350 min, hydra-
tion appears to be rapid, observable by a steep increase in signal
intensity after an initial slow hydration regime. For the duration
of the MR imaging experiments, the drug layer follows a diffusion
process comparable to the generated diffusion model with diffu-
sivity values lying in the order of magnitude D~3.3 x 10-10m?2/s
to D~8.3 x 1010 m?2/s.

During the initial hydration of the tablet ~600 min (10 h), move-
ment of water into the sweller layer (Fig. 11) exhibits similar
behavior to that of the diffusion model with a diffusivity value
around D~8.3 x 10-19m?2/s. From 600 min on, the sweller layer
shows a rapid increase in signal intensity that is not consistent
with a purely diffusive process. A physical mechanism such as flux
increase due to osmotic pressure changes (Malaterre et al., 2009)
is indicated. When water first transports into the sweller layer, the
driving transport mechanism is the chemical potential difference
due to the water concentration gradient (water diffusing into a
porous solid). At around t=600 min, enough of the sweller layer
matrix is solubilized that the water, polymer and osmotic agent in
the sweller layer can be described as a concentrated solution. At
this point, as indicated by the exponential increase in the water
concentration (see Section 2.4), the driving transport mechanism
is the chemical potential due to the osmotic pressure between two
different solutions across a membrane. This interpretation is con-
sistent with the increase in the number of molecules in the shorter
T, relaxation time distribution and the increasing value of T, for
that distribution (Fig. 6) for times longer than 600 min. As men-
tioned earlier, the increase in T, is consistent with the increase
in the rotational mobility of the water and the polymers, and the
decrease in the relative population of polymer to water to con-
tribute to proton exchange for the water molecules that occurs as
a solution forms.

The data indicates an exponential increase in signal intensity
for t>600 min. Exponential models approximating the behavior
of the water in the sweller layer during this osmosis-dominated
mass transport regime are shown in Fig. 11. The rate coefficient
B=KRT/l~0.0043 s~ is similar for all trials. The model’s ability to
quantify osmotic transport is limited due to the Van't Hoff’'s Law
approximation, which is valid only for low solute concentrations,

but clearly shows that osmotic transport is occurring. MR imag-
ing studies in which water transport is limited to one dimension,
systematically varying formulation and a more detailed thermody-
namic analysis of the osmotic pressure driving force are necessary
to fully quantify the diffusive and osmotic transport coefficients.

4. Conclusions

A short echo time (T,=2.81ms) MRI technique for imag-
ing the hydration of a GITS tablet was implemented, and
three separate imaging trials were conducted. A simple 1D
transport model allowed for direct quantification of the trans-
port processes. The data from the three trials was consistent
and order of magnitude diffusivity values for water in the
drug layer were determined from the 1D diffusion model:
3.3 x10719m?/s < Dyyg < 8.3 x 10719 m?/s. Water diffusivity in the
sweller layer was 8.3 x 10719 m?/s so that the diffusion behavior in
both layers appeared similar. The unique nature of the data allowed
the clear transition to osmotic transport in the sweller layer to
be directly measured. Data and analysis presented here provide
important first steps toward development of realistic 3D transport
models.
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