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bstract

The objective of the work was to assess the possible interactions between the model drug diclofenac sodium (DS) and the water-insoluble
mmonio methacrylate copolymer (AMC). Films with different drug/polymer ratios were therefore prepared by the solvent casting method and
nvestigated as a preformulation study towards sustained release microparticles. Differential scanning calorimetry (DSC) and thermogravimetric
nalysis (TGA) were used to investigate the dispersed/dissolved state of the DS in the preparation, the thermal stability and the properties of DS-
ontaining AMC films; and Raman spectroscopy was used to confirm the possible interactions between DS and AMC. Thermoanalytical studies
onfirmed that the DS could behave as a plasticizer, which was indicated by decreasing glass transition temperature (Tg) of the AMC, depending on
ts dispersity level in the AMC matrix. Partially solid solutions were formed at DS/AMC ratios of 1:12, 1:8 and 1:6. The DS was mainly crystalline
t DS/AMC ratio of 1:4, while it remained crystalline at a ratio of 1:2. The Raman spectra confirmed that none of the major structural changes

evealed any significant difference, which can indicate a strong ionic interaction between the DS and the AMC. The investigations provided good
acilities for the selection of a DS/AMC ratio, in the preformulation study of the microsphere preparation process, in conformity with the therapeutic
im.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Microparticles of polymer matrix-based spherical solids
omprise two main groups: microcapsules (a drug core and a
olymer coat) and microspheres (dispersed/dissolved drug in
he polymer matrix). Before preparing them, it is necessary to
dentify the state of the drug in the polymer and the compatibil-
ty of the components. This work involved the characterization
f the dispersed/dissolved state of the drug and determination

f the possible interactions between the drug and the poly-
er, using, among other methods, thermal analysis and Raman

pectroscopy. Thermal investigations are important before high-

Abbreviations: AMC, ammonio methacrylate copolymer; DCM,
ichloromethane; DS, diclofenac sodium; DS/AMC, drug/polymer ratio;
MMA, poly(methyl methacrylate).
∗ Corresponding author. Tel.: +36 62 545572; fax: +36 62 545571.
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emperature (i.e. spray-drying) preparation methods are applied.
ifferential scanning calorimetry (DSC) and thermogravime-

ry (TGA) allow an understanding of the thermal behaviour of
he components and the dispersity of the active agent; these
ethods were therefore used to investigate the properties of the

rug-containing films. The films were characterized by the glass
ransition temperature (Tg) and the melting endotherm (Tm).
aman spectroscopy is an effective analytical method for the
haracterization of complex dosage forms in pharmaceutical
echnology [1,2], and differentiation of the crystalline form of
he materials [3]. This method was applied to detect the changes
n the drug–polymer structure and to establish the interactions
etween the drug–polymer chain segments, by subtraction of the
aman spectra.
Diclofenac sodium (DS), the chosen hydrophilic model drug,
s a potent non-steroidal anti-inflammatory drug (NSAID), used
n the long-term treatment of inflammation and painful condi-
ions of rheumatic and non-rheumatic origin (Fig. 1A). DS is

mailto:revesz@pharm.u-szeged.hu
dx.doi.org/10.1016/j.jpba.2007.10.008
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were performed with a Mettler-Toledo DSC 821e instrument
ig. 1. Chemical structures of diclofenac sodium (DS) (a) and ammonio
ethacrylate copolymer (AMC) (b).

liminated rapidly, with a half-life of 1–2 h. Hence, the rapid
bsorption after oral administration justifies the need for a sus-
ained release profile. Following all routes of administration,
SAIDs exert side effects in the lower gastrointestinal tract

4]. The formulator therefore has the choice of keeping a con-
tant drug dissolution rate or minimizing the dissolved drug
oncentration, i.e. the local dose of the drug in the intestine.

thermal characterization of diclofenac salts was published
reviously [5], and the polymorphism of DS has also been inves-
igated [6,7]. DS-cyclodextrin solid inclusion complexes have
een characterized by DSC and X-ray diffractometry (XRD) [8],
nd DS-containing dosage forms by IR and NMR spectroscopy
9], FT-IR spectroscopy [10,11], and Raman spectroscopy [1].
ne interesting approach was the formation of a sequential

nterpenetrating network of polymers to produce pH-sensitive
icrospheres so as to investigate the molecular-level dispersion

f DS, using DSC, XRD, electron microscopy and FT-IR [12].
Poly(methyl methacrylate) (PMMA) copolymers have been

sed as enteric coatings and sustained release coating materials
n pharmaceutical technology in view of their biological safety
13,14]. The ammonio methacrylate copolymer used (AMC)
Eudragit® RS, Fig. 1B) is a copolymer of partial esters of acrylic
nd methacrylic acids with alcohols containing 5% of quaternary
mmonium groups, with a chemically stable, coherent chain
tructure; the polymer material does not undergo any detectable
hange over a period of 5 years [15]. This type is the less hygro-
copic Eudragit polymer, due to the low content of quaternary
mmonium groups; it absorbs <5% water at 40 ◦C and >75%
elative humidity. The AMC matrix is insoluble in water and
xhibits a pH-independent permeability profile, depending on
he number of positively charged quaternary ammonium groups

16,17]. PMMAs start to degrade in the side-chain at 150 ◦C;
eactions of the main chain (depolymerisation) occur above
00 ◦C [15].

(
p
t
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The thermal characterization [15,18] of the PMMA polymer
nd penciclovir solubility in PMMA have been reported [19],
nd complementary FT-IR spectroscopic examinations of AMC
ave also been performed [20,21]. The drug–polymer micropar-
icles and their possible interactions have also been investigated
ith XRD and DSC devices, focusing on the crystallographic

spects of nicardipine–HCl [22], the dispersion state of bupi-
acaine [23], calculation of the enthalpy of fusion [24], and
egradation of the amorphous microsphere regions [25].

With Raman or FT-Raman, the structures of PMMA-based
hin organic films [26] and of PMMA-polystyrene blends
27,28], the structural modification [29], the physical aging of
MMA and the Kovacs effect [30], and the changes in inten-
ity of PMMA upon laser irradiation [31] have been studied.
he advantages of Raman include easy sample preparation and
mall sample need.

A specific objective of the present work was to determine
n appropriate DS/AMC ratio in the microsphere preparation
ethod for the entrapment of DS. At high-DS/AMC ratios, the

uantity of the AMC may be insufficient to englobe the drug.
t low ratios, DS dissolution is prevented, while the DS takes

onger from the inner part to the intestinal juice. The present
reformulation study is the first step towards the preparation of
S-containing microparticles.

. Materials and methods

.1. Materials

Micronized DS (Ph. Eur. 5) was used as hydrophilic model
rug (Human Co., Hungary). Eudragit® RS PO (AMC) (ammo-
io methacrylate copolymer type B, USP/NF, Ph.Eur./NF.,
W 150000) was used as matrix-forming agent (Degussa Co.,
ermany). The solvents dichloromethane (DCM) and ethanol

EtOH) were of reagent grade (Spectrum 3D Co., Hungary).

.2. Methods

.2.1. Preparation of films
The films were prepared by the solvent casting method. DS

as dissolved at various DS/AMC ratios (1:12, 1:8, 1:6, 1:4 and
:2) in EtOH and this solution was added to the AMC dissolved
n DCM. The solvent mixtures, which in all examined cases were
ptically clear solutions, were then cast into a 10 cm Ø Teflon
ish and heated at 30 ◦C in vacuum for 48 h. The preparation
arameters of recrystallized AMC and DS materials were the
ame but the temperature of the vacuum dryer was 70 ◦C. The
nal transparent films were cut into disks, vacuum-dried for 24 h
Christ Alpha 1–2, Christ, Germany) and stored in a desiccator
4 ◦C).

.2.2. Thermoanalytical measurements

.2.2.1. Differential scanning calorimetry. Measurements
Mettler Toledo, Switzerland). Accurately weighed 5.0 mg
ortions of the 6-month-old samples were subjected to the
hermal program (−5 to 350 ◦C heating range; heating rate
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for the initial and the recrystallized AMC were very similar.
The endotherm peaks of Tm were the same, due to the coher-
ent chain structure; only the Tg peak was missing, the reason
being that the thermal treatment (vacuum-drying, 70 ◦C) above
90 P. Sipos et al. / Journal of Pharmaceutica

0 ◦C min−1), in a sealed and pierced crucible under a dynamic
ow of N2 and Ar, in parallel with an empty crucible as
eference. The temperatures were determined at the midpoints
f the peaks.

.2.2.2. Thermogravimetric analysis. TG analyses were per-
ormed on the individual components, physical mixtures and
lms in different DS/AMC ratios in platinum crucibles with the
ame thermal program (25–400 ◦C heating range; heating rate
0 ◦C min−1), with a MOM Derivatograph-C (MOM Co., Hun-
ary). The reference was a crucible containing aluminium oxide.
G (mass loss (%, w/w) versus temperature), and DTG (derived
ass loss vs. temperature) curves were plotted.

.2.3. Raman microscopy measurements
The DS, AMC, and DS-containing products were character-

zed. Raman spectra were recorded with a Jobin Yvon LABRam
ispersion spectrometer attached to an Olympus BX41 micro-
cope. The laser excitation wavelengths were 633 and 785 nm;
etter results were obtained at 785 nm, due to the lower back-
round noise. Measurement conditions: the power on the surface
f the sample was 5 mW, on a 1.1 �m diameter spot (100× mag-
ification objective). The spectral resolution was 1.2 cm−1. The
ack-scattered photons were dispersed on a 950 g mm−1 grating
pot size; the acquisition time was 200–1000 s.

. Results and discussion

.1. Thermoanalytical measurements

.1.1. Active pharmaceutical ingredient
The physical state of the DS in the preparation depends on

ts solubility in the AMC matrix and determines the DS release
inetics. The DS may be completely or partly dissolved in the
MC matrix and partly physically dispersed, depending mainly
n the DS embedding method and the DS/AMC ratio. When the
reparation method is suitable to dissolve the DS molecularly, a
olid solution may arise. Another opportunity is the formation of
etastable molecular dispersion, where the recrystallization rate

f the DS depends on the viscosity of the AMC matrix and the
trength of the DS–AMC interactions. A further possibility is the
ormation of a solid dispersion of the crystalline DS in the matrix
s a DS crystal nucleus. In the solid solution form, DS–AMC
nteractions are the most probable cause of plasticization of the
MC. This can appear as a lowering of Tg of AMC and the

bsence of Tm of the DS investigated by DSC. The metastable
olecular dispersion can exist under certain storage conditions

or from a few days to a few years until total recrystallization
32].

When heated in the presence of air, DS decomposes below
he Tm [5]; therefore the DS was subjected to thermal program
n a controlled atmosphere (N2 and Ar). The DSC curve of DS

howed a sharp Tm (293.7 ◦C) (Fig. 2). An exothermic event was
bserved at 308.7 ◦C, followed by an immediate decomposition
ffect (323.6 ◦C). However, the shapes of the DSC curves for
he initial and the recrystallized (in EtOH) DS seemed to be
ig. 2. DSC profile of the DS (DS(s), crystalline form; DS(EtOH), recrystallized
orm).

he same; Tm shifted from 293.7 to 291.5 ◦C. TG analyses in air
howed a mass loss of 21% in two steps between 270 and 400 ◦C,
orresponding to the decomposition of DS (Fig. 3). There was
continuous mass loss due to burning from 340 ◦C on. In the
TG curve, three peaks could be observed, at 300, 325 and
50 ◦C. In our TG measurements, no change was observed up to
70 ◦C; this can therefore be the upper limit of the spray-drying
reparation method.

.1.2. AMC and physical mixture
The DSC curve of AMC revealed three events (Fig. 4). The

rst endothermic peak was Tg at 65.3 ◦C. Melting of the AMC
ave a broad endothermic peak at 187.2 ◦C and a small endother-
ic peak at 218.4 ◦C, indicating two different crystalline part of
MC; there was no mass loss at these temperatures (Fig. 5). As
consequence, using a spray-dryer, it is not worth increasing

he inlet temperature above 180 ◦C because of the melting. The
MC decomposed above 320 ◦C. There was no mass loss up to
00 ◦C, but this was followed by a mass loss of 75% up to 400 ◦C,
ue to the evaporation of the decomposition fragments of AMC
ithout burning (Fig. 5). The DTG curve showed endothermic
eaks at 300, 350 and 380 ◦C. The shapes of the DSC curves
Fig. 3. TG and DTG profiles of DS (crystalline form).
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The order of magnitude of the interaction between the DS and
the AMC was higher for the 1:2 DS/AMC ratio; a lower Tg was
ig. 4. DSC curves of AMC (initial and recrystallized form) and the physical
ixture of AMC and DS (1:1).

g alters the AMC structure from a glassy to a rubbery state, and
herefore the Tg event could not occur (Fig. 4).

In the physical mixture (DS/AMC ratio of 1:1), the DS could
ot plasticize the AMC, the Tg value of the AMC did not change
ignificantly (by only 1 ◦C, from 65 to 66 ◦C) (Fig. 4). A dif-
use melting endotherm occurred at 187.2 ◦C, similarly to that
bserved for AMC itself, while the second melting endotherm
f AMC was missing, probably due to the lower mass fraction of
MC in the sample. The DS melting endotherm was observed in

he thermogram at 269.5 and 281.5 ◦C, which revealed the exis-
ence of DS crystals. Otherwise, interactions between the melted
S and the AMC must be significant, since the DS melting point

hanged from 293 to 269 and 281 ◦C. In the TG curve, mass loss
ccurs in three steps, 15% from 235 to 300 ◦C, 27% from 300 to
60 ◦C, and 5% from 360 to 400 ◦C, due to decomposition and
urning of the DS and decomposition of the AMC. Figs. 5 and 6
how the thermogravimetric profiles of AMC (initial) and the
hysical mixture, respectively.

.1.3. Films with different DS/AMC ratios
On increase of DS/AMC ratio from 1:12 to 1:2, the first

ndotherm was observed between 50 and 55 ◦C, which was due

o the Tg of the AMC (Fig. 7, Table 1). The area under the curve
ncreased and Tg decreased slightly with increasing DS/AMC
atio. The melting endotherms of the AMC gradually decreased
rom 231 to 219 ◦C, in parallel with the DS/AMC ratio increasing

Fig. 5. TG and DTG profiles of AMC (initial form).

o

F

Fig. 6. TG and DTG profiles of physical mixture of DS/AMC (1:1).

rom 1:12 to 1:4, but at 1:2 it increased to 228 ◦C. The 2 melting
ndotherm of AMC appeared at 1:4 DS/AMC (239 ◦C) and its
H value increased with increasing DS/AMC ratio (1:6 vs. 1:2),

mplying that AMC chain structure changed by the increased DS
mount. At a DS/AMC ratio of 1:12/1:6, the distinctive exotherm
haracteristic of the DS was absent from the DSC curves because
f the lack of recrystallization: the drug being in part molecu-
arly dispersed inside the AMC matrix as a solid solution. When
S dissolves in the AMC matrix, the quaternary ammonium
roups of the AMC supposedly form hydrogen bonds to the
arboxylic group of the DS. The segment–segment interactions
etween the AMC chains are weakened by these bonds and a
onsequent plasticizing effect can be observed, with increased
ermeability, which leads to a lowered Tg value of AMC. These
bservations indicate that the AMC–DS complex is less prone
o be crystalline than the initial AMC. The endothermic range
f crystalline drug melting was noteworthy at a DS/AMC ratio
f 1:2 (279 ◦C).

The relatively high-drug content existed in a particular dis-
ersion state instead of a molecular dispersion, due to the
educed solubility in the polymer matrix [33], and therefore two
xotherms (165 and 198 ◦C) appeared before the DS melting
emperature. The mass was constant at these exotherm peaks.
bserved, from 65 ◦C (Fig. 4, AMC) to 50 ◦C (Fig. 7, DS/AMC

ig. 7. DSC curves of films with DS/AMC ratios of 1:12, 1:8, 1:6, 1:4 and 1:2.
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Table 1
Temperatures of peaks in DSC curves

Material DS content
(%, w/w)

Tg of AMC (◦C) Tm of AMC
(◦C) (peak 1)

Tm of AMC (◦C) (peak 2) Tm of DS (◦C) (peak 1) Tm of DS (◦C) (peak 2)

AMC 0 65 187 218 – –
(initial)
AMC (recryst.) 0 – 189 218 – –
DS/AMC ratio, 1:12 7.6 55 231 – – –
DS/AMC ratio, 1:8 11.1 55 223 – – –
DS/AMC ratio, 1:6 14.2 55 221 239 – –
DS/AMC ratio, 1:4 20.0 54 219 239 – –
DS/AMC ratio, 1:2 33.3 50 228 250 279 –
Physical mixture 50 66 187 – 269 281
DS (initial) 100 – – – 293 308
DS (recryst.) 100 – – – 291 308

Table 2
Mass losses in the TG curves

Material DS content (%, w/w) Range 1, 25–300 ◦C (%, w/w) Range 2, 300–400 ◦C (%, w/w) Total up to 400 ◦C (%, w/w)

AMC (initial) 0 0 −75 −75
DS/AMC, 1:12 7.6 −9 −65 −74
DS/AMC, 1:8 11.1 −9 −67 −76
DS/AMC, 1:6 14.2 −10 −63 −74
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Table 3 and Fig. 8 clearly reveal dominant bands of DS. Sharp
peaks at 1049 and 1075 cm−1 are attributed to the ring 2 (pheny-
lacetate) and ring 1 (dichlorophenyl) breathing. Medium sharp
peaks at 1238 and 1283 cm−1 are attributed to the C–N–C and
S/AMC, 1:4 20.0 −13
S/AMC, 1:2 33.3 −14
S (initial) 100 −3

atio 1:2). Table 1 presents the temperatures of the DSC peaks
ersus the DS content.

In the TG curves of the DS-containing films (Figs. not
hown), the processes shifted simultaneously. Table 2 presents
he numerical values of the mass loss from the TG curves. They
ere around 0–14% (range 1) and 18–75% (range 2), which can
e attributed to the decomposition and ignition of the DS and
vaporation of the AMC. The mass losses of the DS-containing
lms were higher than expected, a possible reason being the bet-

er sublimation of the melted DS. The forces between the DS
olecules were lower due to the good dispersity in the AMC
atrix. The thermoanalytical measurements attracted attention

o the existence of interactions between the DS and AMC.

.2. Raman measurements

Raman measurements were carried out to confirm the phys-
cal state and possible interactions of the components. In the
aman measurements, the spectra of B–D (Fig. 8) were adjusted

or the selected and characteristic band of AMC (1452 cm−1)
spectrum E), to observe the principal difference between the
hysical mixtures (DS/AMC ratios of 1:2, 1:4 and 1:8), and the
pecific changes in the characteristic bands of DS between 1650
nd 1570 cm−1 (band broadening and shift) and to confirm the
xistence of possible interactions. The spectra of DS (Fig. 8A),
lms with DS/AMC ratios of 1:2, 1:4 and 1:6 (B–D) and AMC

E) in the range 1675–1025 cm−1 are illustrated in Fig. 8. Spectra
–E were normalized to the 1452 cm−1 peak, and the intensity
f spectrum A was adjusted to the peaks of the DS in spec-
rum B. The changes in relative intensities of the characteristic

F
(

−56 −69
−46 −60
−18 −21

avenumbers of DS were due to decreasing DS content, how-
ver the difference between spectra C and D did not prove the
ouble drug amount. The changes in the phenyl and carbonyl
ibrations of the DS in the region 1630–1550 cm−1 differed in
pectra B–D, which is in accordance with the literature [34,35],
he band at 1590 cm−1 is not distinct from the 1581 cm−1 peak,
ut forms a shoulder (Fig. 8.). The shoulder at 1163 cm−1 had
isappeared, while the band had become broader. In the pre-
ented spectra, the traces of crystalline DS could be identified,
hich was in accord with the DSC results. The selected Raman
ands of the DS, AMC and three representative films with their
ibrational assignments (cm−1) are presented in Table 3.
ig. 8. Raman spectra of DS (A) and films with DS/AMC ratios of 1:2 (B), 1:4
C), 1:6 (D) and AMC (E).
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Table 3
Raman bands in the spectra

DS AMC DS/AMC 1:2 DS/AMC 1:4 DS/AMC 1:6 Vibrational assignment

1049 s – 1048 s 1046 w 1049 w Ring 2 breathing
1075 m – 1076 m 1073 w 1075 w Ring 1 breathing

1094 mw – 1094 mw 1092 mw 1093 mw CH-wag + CH bend. (rings)
– 1116w 1118 sh 1118 w 1118 w CO-str. coupled with methyl rocking

1162a m 1160a w 1162 m 1160 w 1162 w CH bend. (rings) Carbonyl str. (ester group)a

1238 s – 1240 s 1238 w 1238 w C–N–C symmetric str. + CH rock (ring 1 + 2)
1252 sh – 1253 sh – 1252 sh C6–(ring 2)–CH2 str. + CH rock (ring 1 + 2)
1283 m – 1280 m 1276 w 1279 w CH rock (ring 1 + 2) and R-CO.OR′

asymetric str.
– 1452 m 1455 m 1452m 1454 m CH2-symmetric bend./deformation

1581 s – 1583 s 1578 w 1582 w O1C8O2 asymmetric str.
1590 sh – 1590 sh – 1590 sh Ring 1 str.
1608 m – 1606 ms 1605 w 1608 w Ring 2 str.

– 1736 m (in Fig. 9) Not scanned Not scanned 1736 m (in Fig. 9) Carbonyl group of the
trimethyl–ammonioethyl methacrylate
segment

A g 1, d
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bbreviations: w, weak; m, medium; s, strong; sh, shoulder; bend, bending; rin
a Vibrational assignment.

ings 1–2 stretching. The three characteristic peaks at 1581, 1590
nd 1608 cm−1 are due to the O1C8O2 asymmetric stretching
nd to rings 1 and 2 stretching vibrations, respectively. In the
pectrum of AMC, two characteristic peaks of C–O stretching
nd the CH2-symmetric bending at 1116 and 1452 cm−1, respec-
ively, can be seen (Fig. 8). The increases in the bandwidths at
he DS/AMC ratio of 1:2 mean a decrease in the vibrational
elaxation time due to the weak interaction of O1C8O2 of DS
ith the quaternary ammonium group of AMC. To observe

he changes in the peak shapes and positions in the overlap-
ing regions required subtraction of the spectra from each other.
ccording to the DSC measurements, the film with a DS/AMC

atio of 1:6 contained less crystalline DS, and it was therefore
hosen to prepare the difference spectra and analyse them. The
pectrum of the DS (Fig. 9D) was subtracted from the spectrum
f the film with a DS/AMC ratio of 1:6 (Fig. 9A), and the result
Fig. 9C) was compared with the spectrum of AMC (Fig. 9B).
he Raman spectrum of AMC did not change within A and B

Fig. 9C). There was no difference in the lines of AMC between

pectra B and C. In the marked regions (1650–1530 cm−1,
300–1250 cm−1, 1150–1050 cm−1 and 570–200 cm−1), the
ifferences arose from the changes in DS content. For deter-
ination of the changes in DS, the difference spectrum of the

ig. 9. Raman spectra of film (DS/AMC ratio of 1:6 A), AMC (B), film minus
S (C), DS (D) and film minus AMC (E).

4

e
s
m
m
s
t
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r
p
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ichlorophenyl ring; ring 2, phenylacetate ring; str, stretching; wag, wagging.

odel mixture (A) and AMC (B) was calculated. The result
E) was compared with the DS spectrum (D); the differences
ould be well observed in the regions overlapping with AMC
ands (1500–1400 cm−1 and 850–800 cm−1). The intensity ratio
f the peaks of DS/AMC ratios between 1120 and 1030 cm−1

as 1:1:6, the intensity of 1:2 ratio was higher. The peak at
42 cm−1 (D) was shifted to 450 cm−1 and its left shoulder had
isappeared. A significant intensity increase and shape alteration
ould be observed in the group around 300 cm−1. Merging of the
roadening peaks at 247–241 cm−1 and 225 cm−1 also occurred.
here were no significant difference in the characteristic peak
f the carbonyl group of the AMC (1736 cm−1) (Fig. 9), which
elongs to the trimethyl–ammonioethyl methacrylate segment;
t was in accordance with Fujimori et al. [20]. This confirmed
hat the strength of possible interaction between the carbonyl
roup of AMC and the DS decreased at DS/AMC ratio of 1:6.
he changes between D and E indicate that the crystalline state
f DS was changed, while the broadening and merging effects
uggest partly molecular dispersity for the DS.

. Conclusions

If microspheres are prepared, using the multiple
mulsion–solvent evaporation technique, due to the more
uccessful distribution of the drug molecules inside the polymer
atrix, the drug could have a better possibility to be in a
olecular dispersion form. The successful formulation of a

table and effective dosage form also depends on the amount of
he drug and the strength of the possible interactions, because
nteractions between drug and polymer could promote the
elease and protect the connections of the drug molecules in the
olymer matrix. From this work, the following conclusions and

mplications can be drawn:

(i) According to the DSC results, DS is either partly molecu-
larly dispersed or entirely dissolved in the investigated films.
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At lower DS content, there was an absence of the main
characteristic thermal events of DS, and its partial molecu-
lar dispersion in the AMC matrix was ensured. As the DS
content was increased to about 20% (w/w) (DS/AMC ratio
of 1:4), the drug particles could increasingly be in contact
with each other, indicating the crystalline state of DS and
plasticization of AMC. A partial solid solution of DS was
formed at DS/AMC ratios of 1:12. 1:8 and 1:6; it was mainly
crystalline at a ratio of 1:4, while it remained crystalline at
a ratio of 1:2. The formulator should use a sensitive balance
between the two main DS dispersity types as a valuable tool.
The molecular dispersion of DS ensures a higher dissolu-
tion rate in the intestinal juice, but in the crystalline state,
when the DS diffuses out of the matrix, leaving channels,
this phenomenon could increase the drug dissolution rate to
such an extent that this rate could exceed the required sus-
tained release rate. No significant difference was revealed
by any major structural change, except for the effects of the
different DS contents of the measured films.

ii) Raman measurements were carried out to confirm the
interactions of the components (DS/AMC ratio of 1:6).
The numerous peaks in the Raman spectra were indica-
tive of the chemical compositions and structures of the
drug and polymer and confirmed that the DS and AMC
were compatible with each other. There were only small
changes, such as broadening and shifting of the peaks cor-
responding to the O1C8O2 ions of DS (1581 cm−1) and the
quaternary ammonium groups of AMC (900–800 cm−1),
indicating the decrease in the vibrational relaxation time.
The dichlorophenyl ring stretching of DS (1590 cm−1) was
missing, which could otherwise indicate an ionic interac-
tion, but in addition, the strength of the possible interactions
between the DS and AMC chains could not be enough to
have an additional retaining effect of the drug from disso-
lution. These investigations facilitate the selection of the
appropriate DS/AMC ratio in the preformulation study of
the microsphere preparation process, in conformity with the
therapeutic aim.
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13] M.L. González-Rodrı́guez, F. Maestrelli, P. Mura, A.M. Rabasco, Eur. J.

Pharm. Sci. 20 (2003) 125–131.
14] S. Narisawa, M. Nagata, Y. Hirakawa, M. Kobayashi, H. Yoshino, J. Pharm.

Sci. 85 (1996) 184–188.
15] H.-U. Petereit, W. Weisbrod, Eur. J. Pharm. Biopharm. 47 (1999) 15–

25.
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