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Abstract

Polymer-coated pellets with different coating thicknesses have been studied regarding coating morphology and drug release
properties with atomic force microscopy (AFM) and confocal Raman microscopy. The results were compared with those from
scanning electron microscopy (SEM) and drug release profiles, which have been measured previously for these systems and
found to vary depending on coating thickness. Results from AFM studies indicated that these pellets differ in the amount of
crystalline material on the surface of the coating. The amount was found to be highest on the pellet with the thinnest coating.
Confocal Raman microscopy studies confirmed that the active component (remoxipride hydrochloride monohydrate) is present
at or close to the surface and that the amount is higher for the thinnest coating. AFM studies in aqueous media showed that
the crystalline material on the surface was almost instantaneously dissolved and released into the liquid. AFM has proven to
be a powerful tool in the study of the surface of dry formulations and in the study of the controlled release mechanism of a
pharmaceutical in a liquid cell. The method can be combined with Raman, giving the added possibility to identify the chemical
composition in selected small areas of the coating surface.
© 2003 Published by Elsevier B.V.
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1. Introduction able clinical performanceSandberg et al., 1988To
accomplish new and better formulations it is neces-
Oral controlled release pharmaceuticals are of great sary to understand the mechanism of controlled drug
importance due to their ability to allow a predeter- delivery systems Wesselingh, 1993 Film coating
mined controlled release of the drug to obtain favor- is a process frequently used to obtain controlled re-
lease characteristics, where the active substance is
T Comesponding author. Tekt46-46-222-82-87: present in the core of the cogted tablet or the pel-
fax: 146-46-222-45.26. ’ let. The mass transfer of active substance through

E-mail address: Anders.Axelsson@chemeng.lth.se the coating in this type of formulation is in general
(A. Axelsson). the rate-controlling stepLénger, 1993 The coating
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material is usually a polymer, or a polymer mixture, The pellets, containing remoxipride hydrochloride
blended with softening and coloring-agents, together monohydrate (Roxiaff) as the active substance,
with agents required for optimization of the coating were produced by spray-coating in a Wurster-coater.
process. The active component is highly water soluble and
The performance of the controlled release prepara- an extended release system consisting of a multiu-
tion i.e. bioavailability and efficiency is dependent on nit membrane coated reservoir formulation had been
the quality of the coatingShakesheff et al., 1996The found to be suitable in order to control drug release
development of new pharmaceutical formulations with rate. The results of the AFM and the confocal Ra-
controlled release behavior is today still very much man microimaging measurements are compared with
of empirical nature. To increase the understanding of results from dissolution test8¢rgqvist et al., 200R
the release behavior, new and more efficient meth- and scanning electron microscopy (SEM) studies.
ods for the characterization of coatings are therefore SEM offers an alternative, well-established, method

desirable.

Atomic force microscopy (AFM) offers a non-
destructive method of characterizing non-conducting
surfaces in air and liquidBottomley, 1993 AFM,

a descendent of scanning tunneling microscopy
(STM), belongs to the category of scanning probe
microscopy (SPM). Since the invention of AFM the

use and range of applications of the method have
increased rapidly. The range of applications extends

from studies of well-structured inorganic materials on
the atomic scale, to living cells in an aqueous envi-
ronment Bottomley, 1998. Several in situ studies of
the degradation of polymers or polymer-containing
formulations have been carried out using AF®hen

et al., 1995 Shakesheff et al., 1995a,b 1994a,im
the interpretation of the images obtained with AFM,

for the characterization of surfaces but can not be used
for non-invasive studies of coated pellets during the
release process in liquids. Furthermore, the potential
of AFM and its ability to analyse surface properties
of coated controlled release formulations in dry as
well as in liquid conditions is exploited in the present
study.

2. Materials and methods
2.1. Material
The pharmaceutical pellets used in this study,

Roxian®, were obtained from AstraZeneca Tablet
Production Sweden. The properties and the effects

it is essential to consider artifacts created by a number of coating thicknesses were studied. Thicknesses of

of physical phenomena.

approximately 8, 13, and 18m were obtained by

Raman microscopy can be used to produce chemicalapplying 40, 70, and 90 mg coating per gram pel-

images of solid dosage form€larke et al., 2001
The sample is placed on a motorized XYZ mapping

stage and, using a tightly focused laser beam, Raman
spectra are obtained at different points in the sample.

By using the appropriate experimental conditions, both
spatial and depth resolution can be limited (1x2,
best case situationpgmmon et al., 1999The aim of
the Raman microimaging experiments with the coated
pellets was to limit the depth of penetration of the laser
into the sample, so that the chemical composition of
the coating could be investigated.

In this study three types of coated pellets, which
differ in the amounts of ethyl cellulose-based coating,
were studied both in air and in liquid using AFM and
in air using confocal Raman microscopy. The aim was
to obtain better insight into the physical processes

lets and the samples are denoted p40, p70, and p90,
respectively.

2.2. The formulation of the material

The uncoated pellets, which are 1 mm in diameter,
consist mainly of the crystalline active substance, re-
moxipride hydrochloride monohydrate mixed with mi-
crocrystalline cellulose (20%). The active substance
and microcrystalline cellulose are mixed with water
and extruded. The extruded material is spheronized,
dried, and sieved prior to the coating process, in or-
der to obtain the desired pellet size. A water-insoluble
polymer (ethyl cellulose and the plasticizer triethyl
citrate (10%)) is then used to coat the pellets. The
polymer and the plasticizer is dissolved in ethanol and

taking place during the release of the active substance.sprayed onto the uncoated pellets in a Wirster-coater
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with a top spray at a temperature of 8D (Borgqvist
et al., 2002. After sieving and the addition of gli-

37

were repeatedly collected with different time gaps.
The scan rate was 2 Hz, and the applied force was of

dants about 100 pellets are encapsulated in a gelatinthe order of 100—200 nN. For every attempt to obtain

capsule.

2.3. AFM measurements

an image the tip was lowered and the compliance set
to obtain the best image.

Tapping mode AFM measurements were per-
formed in air with an E tube scanner. Microfabri-

The AFM measurements were performed repeat- cated, asymmetric-pyramidal-shaped tips of silicon,

edly on many different pellets and on several different

areas on each pellet. Although variations were seen,
the images presented were typical of those most fre-

quently observed. Contact and tapping mode AFM

Pointprob& sensor type NCH-W, with a bending

spring constant of 27-62 Nnt and resonance fre-

quency of 282—-367 kHz (NANSENSORS™ GmbH

& Co., Wetzlar-Blankenfeld, Germany) were used

measurements were performed using a commercialas received. The scan rate was of the order of

Nanoscop® lIlla (Digital Instruments, Santa Bar-
bara, CA, USA). Contact mode experiments were
run in air and in water at ambient temperature. A J
tube scanner with a 126 125 ,y) x5 (2) wm scan
range and an E tube scanner with a a0 (x,\y)
x2.5 (2 pm scan range were used. Microfabricated,
square-pyramidal-shaped tips of silicon nitride, with a
bending spring constant of 0.58 Nth(manufacturer

specified, Digital Instruments) were used as received.
The scan rate was 2 Hz, and the applied force was of

the order of 100—200 nN.

AFM measurements were performed on coated pel-

1-2 Hz.

To eliminate imaging artifacts, the scan direction
was varied to ensure that the true image was obtained.
The images obtained from contact and tapping mode
measurements were modified using the standard soft-
ware commands “flatten” and “plane fit.” The same
algorithms were used for all images.

2.4. Confocal Raman measurements

Images of the pellet coating (on intact pellets) were
obtained using a LabRam HR800 Raman microscope

lets without sample preparation and on pellets that (J-Y Horiba), equipped with a 780 nm diode laser and

had first been immersed in pure water at@ffor 50,
100, 150, 200, 300, or 400 min in a dissolution test
vessel with rotating basket according to USP (Disso-

lutest, Prolabo, Paris, France) and then dried. The re-

an air cooled charge coupled device detector. The con-
focal hole was set to 2Q0m, the slit was 10g.m, and

a 950 groves mmt grating was used. Using these con-
ditions the depth resolution is of the order qi& (us-

lease from the pellets was performed in water that was ing silicon as a reference material), although it should

deionized, distilled, and filtered through a Millipore Q
purification system (Millipore Corporation, Bedford,
MA, USA).

Measurements were taken under perfect sink con-

ditions in liquid obtained by using a watertight cell
with a flow of water. In this experiment, the liquid
cell consisted of a washer placed on top of a circu-

be noted that this is an approximation and the actual
depth resolution is dependent on the optical proper-
ties of the sample. An area of pln x 50pm was
mapped using a 100 lens (numerical aperture 0.9)
and experiments were performed in triplicate using
three individual pellets of each coating thickness. The
step size in both thg andy direction was 2um, and

lar magnetic plate. The washer had a thickness of stepping was achieved using an encoded XYZ motor-

1.25mm and a center hole 4mm in diameter. The
water was deionized, distilled, and filtered through a
Millipore Q purification system (Millipore Corpora-

tion). In liquid-environment measurements, a water
flow of 1 pls~! was used (Ismatec SA, IPN 16 Pump,
Laboratoriumstechnik, Glattsbrugg, Zurich, Switzer-
land). The flow was halted during imaging in order
to minimize disturbances. An image was collected
before addition of liquid to the cell, and then images

ized stage. Using magnification under visible light, a
sample area from the coated pellet surface was cho-
sen so that an area of pBn x 50um was in fo-
cus. Using the Raman signal generated from illumi-
nation with the 780 nm laser, the height of the micro-
scope stage was adjusted to ensure that data would
be collected from the outer part of the coating. The
grating was centered at 1000 cfand data over the
spectral range 1200-800 cthwas collected using an
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acquisition time of 2sx 45s per point. This spec- 3. Results
tral range enabled differentiation of the components
present. 3.1. Contact mode AFM measurements in air

25. SEM measurements Contact mode AFM measurements in air revealed a
layer of dried coating droplets, of 2—pfn in diame-
Measurements with SEM (ISI-100A, International ter, on the surface of the pelletsig. 1(i) and (ii). In
Scientific Instruments) were performed on p40, p70, Some areas the droplets overlay each other. The coat-
and p90 pellets in a high-vacuum environment, at a ing of the pellets also seems to have a wavy surface,
potential of 15kV. The samples were pre-treated by Which is indicated by the light and dark pattern in the

sputtering a 20-nm-thick layer of gold onto the sample height image ig. 1(i) left and (ii) lef). Material of
surface. crystalline appearance, i.e. small needle-like particles

(ii)

Fig. 1. Height (left) and deflection image (right) from contact mode AFM measurements in air on p40 pellets (i) and p70 pellets (i),
revealing dried spray droplets, a wavy surface, and a difference in amount of material of crystalline appearance between the p40 pellets
(i) and the p70 pellets (ii). The height difference between the white and black areas in the height imagenisahé the size of the

surface is (i) 4Qum x 40pm and (i) 50pum x 50um.
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Fig. 2. Small depressions revealed in a height (left) and deflection (right) image from contact mode AFM measurements in air on p40
pellets. In the centre of the image, four large “crater’-like structures of abouirf,4arger than most of the depressions, can be observed.
The height difference between the white and black areas in the height image is 100 nm and the size of the suiface #&pdn.

with sharp edges is visible on the exterior of the coat- 0.4pm can be seen on some of the pellets. Contact
ing. This material is most frequent on the surface of mode AFM measurements in air were also performed
p40 pelletsFig. 1(i)). The amount of material of crys-  on pellets that had been submerged in water for vari-
talline appearance on p7Bi¢. 1(ii)) and p90 pelletsis  ous times and then dried. In these measurements, con-
approximately the same but substantially less than the siderable variations in the polymer coating made it
amount on the p40 pellets. The use of the E tube scan-difficult to elucidate the true character of the surface.
ner revealed a more detailed surface structure. Small The only conclusion that could be derived from these
depressions, 100—-200 nm in diameter and 5-25 nm in measurements was that the crystalline material on the
height, cover the surface of all studied pelldtgy( 2). surface had disappeared within 50 min (the shortest
Occasionally larger “crater-like” structures of about measurement time) in water (data not shown).

Fig. 3. Polymer surface structure observed at tapping mode AFM measurements in air on p90 pellets. The difference in height between
the black and white areas in the right image, the height image, is 50 nm. The left image shows a difference in amplitude. The size of the
surface in the image isdm x 1pm.
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M

(ii)

Fig. 4. Height (left) and deflection (right) images from contact mode AFM measurements on p40 pellets in (i) air; (ii) in water after
10min; and (iii) in water after 30 min. The image series show the change in surface during dissolution. The height difference between the
white and black areas in the height images ispim6and the size of the surface is g x 40pm.
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3.2. Tapping mode AFM measurementsin air Between 30 min and 24 h the wavy surface seems to
remain unchanged. During contact mode AFM anal-

The results from tapping mode AFM experiments yses in water with the E tube scanner, which gives a

revealed more details of the structure of the coating higher resolution than the J tube scanner, difficulties

surface, which could not be detected in contact mode arose in targeting the same area for repeated analy-

measurementdzig. 3 shows the same type of small sis. Since the difference in surface structure between

depressions as described earlieig( 2) as well show- different areas is significant no conclusions can be de-

ing that the irregular character of the coating (exterior) rived from these results.

consisted of tightly packed depressions, about 30 nm

in diameter and 0.8-2.5nm in height. The “craters” 3.4. Confocal Raman measurements

discussed earlier, that occasionally appear in the con-

tact mode studies, do not appear in the tapping mode The object of the Raman measurements was to con-

studies. The apparent “shadows”kig. 3 indicating firm that the crystalline particles observed on the sur-

elongated height properties of the raised regions are face of the pellets using the AFM technique were re-

probably artefacts due to the AFM settings. moxipride HClI monohydrate and to explore in greater
detail the chemical composition of the outer part of
3.3. Contact mode AFM measurements in liquid the coating for the three different pellets. Reference

spectra of the coating material (ethyl cellulose) and re-

Fig. 4 shows the behavior of the pellet coating dur- moxipride HCl monohydrate were obtained. There is
ing dissolution in water. The crystalline material on ample spectral contrast between these two substances
the exterior of the coating dissolves during the first @s can be seen frorRigs. 5 and 6 The spectrum
10 min, as can be seen by comparitig. 4(i) and (i) of remoxipride HCI monohydrate is characterized by
Other experiments confirmed that the crystals dissolve @n intense peak at 1000 cthwhilst the spectrum of
instantaneously. The conformation of the wavy sur- €thyl cellulose has broad peaks of which the 875&m
face changes during the first 30 min of dissolution, as peak is most useful for identification since there is no
can be seen iRig. 4()(iii) (left-hand images), during ~ Peak in the remoxipride HCl monohydrate spectrum
the swelling of the core and the coating of the pellet. at this position. These peaks were used to build chem-

Intensity (au.)
S

850 900 950 1000 1050 1100 1150 1200
Wavenumber (cm-1)

Fig. 5. Top spectrum is reference spectrum of ethyl cellulose; bottom spectrum is extracted from a map obtained from a 40 mg pellet from
a region showing a high polymer concentration. Note the weak drug peak at around 1000 cm
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Intensity (a.u.)

850 900 950 1000 1050 1100 1150
Wavenumber (cm-1)

Fig. 6. Top spectrum is pure remoxipride HCI monohydrate; bottom spectrum is extracted from the map of a 40 mg pellet showing a point
where there is a high concentration of remoxipride HCI monohydrate.

ical maps to look at the distribution of the drug in the areas show ethyl cellulose rich areas. Spectra ex-
coating.Fig. 7illustrates such a map, where the white tracted from the white area and dark regions are
areas show where the spectrum was dominated by re-shown inFigs. 5 and 6 respectively. A comparison

moxipride HCI monohydrate peaks, whereas the dark between the spectrum extracted from the remoxipride

30+

Length Y (um)

40

50

T L T ¥ T ¥ T T T

20 30 40 50 60
Length X (um)

Fig. 7. Chemical image showing the distribution of remoxipride HCI monohydrate in the coating of a 40 mg pellet. The white areas show
regions where there is a high concentration of remoxipride HCI monohydrate. The dark areas correspond to ethyl cellulose rich domains.
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Fig. 8. Image (7@m x 100nm) from SEM measurements on a p40 pellet showing dried spray droplets, a wavy surface and material of
crystalline appearance.

HCI monohydrate rich area with that obtained from of the small peak at 1000 cm. It was impossible
pure remoxipride HCl monohydrate indicates that the to obtain an ethyl cellulose spectrum from the 40 mg
coating contains relatively distinct regions of remox- pellet coating which did not contain this peak, which
ipride HCI monohydrate which are essentially free most likely arises from remoxipride HCl monohy-
of ethyl cellulose. This result indicates that particles drate. This small remoxipride HCI monohydrate peak
of remoxipride HCI monohydrate are present in the most likely arises from small particles buried in the
coating. The Raman results are consistent with data coating which are sufficiently close to the surface to
shown inFigs. 1 and 8where material of crystalline  contribute to some extent to the Raman signal. For
appearance is seen on the surface of the pellets usinghoth the 70 and 90 mg pellets, having an estimated
AFM and SEM measurements. From the Raman im- coated thickness of 13 and fu8n, respectively, re-
age, it can be seen that the areas rich in remoxipride moxipride HCl monohydrate rich areas were not
HCI monohydrate are larger than the crystals seen observed. For all the maps obtained the spectra were
using the other measurements. However, it should be either pure ethyl cellulose or mainly ethyl cellulose
remembered that both AFM and SEM detect only with a small remoxipride HCI monohydrate peak at
material present on the surface, while confocal Ra- 1000cnt?, similar to the spectra shown iRig. 5
man microscopy measures a certain depth into the (data not shown).

coating (around gm for this system). Hence, any

particles present below the surface will also be mea- 3.5. SEM measurements

sured and this most likely accounts for the observed

differences in the images obtained with different  The SEM studies showed that the surface is wavy,
technigues. For the ethyl cellulose rich regions, an that dried droplets in the range of 2—afh cover the
extracted spectrum is very similar to that of the ref- surface and that small particles are occasionally spread
erence ethyl cellulose spectrum with the exception over the surfaceFg. ).
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4. Discussion active substance has started in the pellet. During the
constant rate release period a saturated solution of the
Various methods of performing dissolution tests active component is present within the pellet giving a
on these pellets have been reported previously constant driving force for the releafeqrgqvist et al.,
(Zackrisson et al., 199%nd a computer program for  2002. The release of the drug from pellets is limited
the simulation and parametric study of data based by the mass transfer of the drug through the coating
on these pellets has also been developargqvist layer and is constant as long as some undissolved
et al., 2002. The dissolution behavior of these pellets drug remains in the pelletfRégnarsson et al., 1992
is characterized by a short lag period followed by zero Dissolution data for single-pellet release experiment
order release as shown for p40 pellet$ig. 9. Simi- on p40 pellets, where the concentration of dissolved
lar appearance is obtained for the release from p70 andsubstance (kgm?) is plotted against timehj in
p90 pellets although the lag time is slightly longer and Fig. 9 (Borgqvist et al., 200R The plotted data shows
has a larger variation. Previous studies have showna great variation in the release profiles for different
that the zero order release region can be explained bypellets. It was postulated in that work that a number
the mass transfer resistance in the polymer film. Based of processes might contribute to the variation in lag
on that a plausible mechanism for the drug release cantime before the zero order release was reached, be-
be described in the following way. After ingestion of yond the actual thickness of the coating. Results from
the oral drug, the gelatine capsule is dissolved by the those studies indicate that the coating composition is
gastric juice. During the lag phase the pellets swell more complex than previously thought.
about 3% in 2—8 min due to the penetration of water. ~ The results from the SEM studies were in good
The water dissolves part of the active substance instan-agreement with the results from the AFM studies with
taneously. The diffusion of the active substance from both techniques enabling visualization of dried coat-
the pellet begins immediately after the dissolution of ing droplets, the wavy surface of the coated pellets

N

Conc. (kg/m3)

0 R (XX I 1 1 1 I I
3 6 9 12 15 18
Time (h)

Fig. 9. Dissolution data for single-pellet release experiment on p40 pellets, where the concentration of dissolved substands(kgm
plotted against timeh) (Borggvist et al., 2002
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and material with a crystalline appearance dispersedet al., 2002 in some of the pellets release profiles
over the pellet surface, as is apparent by comparing are probably due to rapid dissolution of the active
Figs. 1 and 4(iwith Fig. 8 The wavy surface shown agent present on, and embedded in, the coating layer.
in Figs. 1, 4 and 8nay be due to the underlying tex- The small depressions visualized Kig. 2 could

ture of the core structure and/or result from particle indicate the presence of embedded particles in the
shrinkage during drying. No cracks in the coating coating created in the coating process. These particles
were observed indicating that the coating forms a most probably emanates from broken remoxipride
continuous barrier in the pellets studied. These were needle-like crystals. The crater-like structure could be
selected from the batch manually avoiding pellets that the starting point for a percolation network explaining
were aggregated. However, the presence of crystallinethe absence of a lag phase in the release profile for
deposits in the coating, particularly for the 40p pellets some of the pelletsHg. 9). The embedded material is
suggests that the coating is not homogeneous. Themade up of small pieces of the needle-like crystals of
material of crystalline appearance may be fragments the active substance. The surface roughness that the
of the core that arose during the coating process tapping mode measurements indicatéiy( 3) may
during production. The pellets are sieved before the have several origins. The structure may arise from
coating process to eliminate or reduce the amount of irregularities during the drying of the coating. During
fine particles normally present in a batch of pellets. the contact mode AFM measurements in water was
However some small particles may remain and other concluded that the crystalline material dissolves or is
small particles may be formed by attrition of the discharging instantaneously from the surface, compar-
pellets during the initial stage of the coating process, ing Fig. 4(i) and (ii} This may explain the lack of a lag
before the coating layer has been established. It is phase and the burst-release phenomena in some of the
also possible that individual pellets with inferior me- release profiles ifrig. 9. The apparent swelling of the
chanical properties fragment, produce fine particles. pellets when immersed in water, noted in the contact
These processes may contribute to a larger amount ofmode measurements in water, may be due to passive
fine particles of core material, during the early stage uptake of water, but may also be caused by hydrostatic
of the coating process compared with later stages. pressure due to osmotic forces acting over the polymer
Consequently, we should expect a higher amount of coating (indstedt et al., 1989 Such an effect indi-
crystalline material on the pellets with the thinnest cates that the porosity is not becoming large enough
coating. A continuous attrition of material during the to eliminate the hydrostatic pressure caused by the
initial coating step would also mean that crystalline osmotic pressure difference across the coating layer.
material would be embedded in the coating. During  In the confocal Raman microscopy measurements it
dissolution embedded crystals may form cavities and was shown that it was impossible to obtain a pure ethyl
pores in the coating, which may create a percolation cellulose spectrum from the 40 mg pellet coating. The
network. A porous structure will increase the drug existence of the peak at 1000 cfrwhich most likely
release rate, which may explain the higher release arises from remoxipride HClI monohydrate, suggests
rate from the pellets compared to that predicted from that either the laser is penetrating through the coating
the drug diffusion rate through a pure ethyl cellulose and picking up some remoxipride HCl monohydrate
coating. However, the AFM studies using the liquid in the core (which is unlikely since the analysis was
cell and the J tube scanner did not show any example conducted in confocal mode and the coating is esti-
of this due to the limit in resolution. The E scanner mated to be &m, greater than the estimated depth
is not suitable for AFM measurements in liquid for resolution), or that there is a trace amount of remox-
this application due to the considerable variation in ipride HCI monohydrate in all parts of the coating.
the surface structure of the material used. However, The results from the confocal Raman measurements of
a more precise navigation controller may solve this the p70 and the p90 pellets indicate that there are few
problem. This would facilitate repeated scanning of remoxipride HCI monohydrate drug particles close to
a given surface area thus providing further insight the outer surface of the coating and that the coating is
into the release mechanism. The rapid onset of drug much more homogeneous in these pellets than in the
release and lack of lag timeFig. 9 (Borgqvist 40 mg pellets. Thus, Raman microspectroscopy con-



46

sequently confirmed that remoxipride HCI monohy-
drate is present in the coating of the 40 mg pellets.
This is in agreement with the interpretation of the
AFM data. The presence of remoxipride HCI mono-
hydrate on the surface of the pellet coating for the
40 mg pellets is consistent with the hypothesis that

A. Ringqvist et al./International Journal of Pharmaceutics 267 (2003) 35-47

out any preparation of the sample and in this respect
the method is non-destructive. AFM avoids destroy-
ing the surface since it does not involve high-energy
beams as in SEM, where the effect of the intense beam
on small scanning areas of the metal-coated polymer
surface can induce cracks. SEM is not capable of pro-

drug particles/dust become embedded in the coating viding information on how the pellet performs in an
during the coating process due to attrition from the aqueous environment, which is of major importance
core. For the pellets with a thicker coating, the re- when studying pharmaceutical preparations. AFM has
moxipride HCI monohydrate particles which become a better resolution than SEM. The use of AFM in the
embedded in the coating are most likely covered by a future may provide more knowledge about the effects
fresh layer of coating material. Since the Raman mea- of different procedures used in the manufacturing of
surements were carried out in confocal mode, only the pharmaceuticals.

outer part of the coating (aroundu3n) was sampled,

hence drug particles embedded more deeply in the

coating would not be seen, or would only appear very Acknowledgements

weakly.
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The AFM technique has proven to be a powerful sander.
tool in the study of dry formulation surfaces as well
as in the study of controlled release behavior in liquid
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ration in liquid can be conveniently studied by AFM.

5. Conclusions
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