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ABSTRACT

The objective of this work was to investigate potential interactions between
anionic (Eudragit FS) and cationic (Eudragit RL) polymethacrylates of multiple
coatings of a novel colonic drug delivery system. Aqueous films of pure polymers
Eudragit FS (FS) and Eudragit RL (RL) and their superimposed film (FS–RL)
were cast on glass slabs. The potential ionic interactions were studied
by analyzing the dried films using differential scanning calorimetry (DSC),
Fourier transform-infrared spectroscopy (FT-IR), and nuclear magnetic
resonance (NMR). The glass transition temperatures ( Tg) of pure RL and FS
were 60�C and 22�C, respectively; FS–RL showed two distinct glass transitions at
59�C and 24�C in the second heating cycle. In the 13C-MAS spectra of the
samples in the solid state, no shifts of the resonance could be detected in the
superimposed film compared with the pure polymers. The FT-IR spectra of
the superimposed film did not show any significant shift of the bands of the
–NMeþ3 group of RL and the –COO� function of FS compared with the
spectra of the pure polymers. No ionic interactions between anionic and cationic
polymethacrylates were revealed by DSC, FT-IR, and NMR.
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INTRODUCTION

Delivery of drugs to the colon has gained
increasing importance in the last 15 years, both for
the treatment of local diseases of the colon like
inflammatory bowel disease (IBD) and for its
potential for the delivery of large molecules. The
colon presents a less hostile environment for drug
delivery because of lower enzymatic activity and
near-neutral pH (1–4).

In a previous study, the authors developed a
novel colonic drug delivery system by selecting
polymethacrylates of appropriate dissolution char-
acteristics for the distal end of the small intestine
and relying upon relatively constant transit time of
the small intestine. The delivery system consisted of
drug-layered pellets coated with an inner layer of a
combination of two pH-independent polymers,
Eudragit RL and Eudragit RS (2:8), and an outer
layer of a pH-dependent polymer, Eudragit FS. At
pH 6.5, there was no drug release for 12 hr. Release
of 5-ASA was sustained for over 12 hr both at pH
7.0 and 7.5. The release rate was faster at pH 7.5
than at pH 7.0. The delivery system demonstrated
its potential for colonic delivery by resisting drug
release until pH 6.5, and the combination of

Eudragit RL and RS in the inner coating proved
successful for the sustained delivery of 5-ASA at the
expected pH of the colon (5). Multiple response
variables of the delivery system were optimized with
respect to the release rate of the drug using central
composite design. The proportion of the more
hydrophilic polymer Eudragit RL had the most sig-
nificant effect on drug release—higher proportions
gave faster release (6,7).

As seen in Fig. 1, the release rate of the drug
was slower from pellets having both inner and outer
coats than from pellets having only the inner coat.
Intuitively, we had expected that after the
pH-dependent outer coating of Eudragit FS dis-
solved, the release rate from the pellets having both
inner and outer coats would be the same as from
the pellets having only the inner coat, because both
types of pellets had the same inner coat
(8% Eudragit RL–RS). Since this was not borne
out by the dissolution tests, it was hypothesized
that there might be ionic interactions between the
anionic and cationic polymer coats resulting in a
slower than expected release rate (Fig. 2).

The objective of this research was to study poten-
tial interactions between cationic (Eudragit RL and
RS) and anionic (Eudragit FS) polymethacrylates
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Figure 1. Dissolution of 5-ASA pellets for the first 2 hr at pH 1.2 followed by pH 7.0 USP phosphate buffer.
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of multiple coatings using differential scanning
calorimetry (DSC), Fourier transform-infrared spec-
troscopy (FT-IR), and 13C solid state nuclear mag-
netic resonance (NMR). Of these, DSC has been
reported extensively in the literature to determine
the glass transition temperature (Tg) of polymers
and to study interactions between drugs and poly-
mers. The effect of various factors that influence the
release of drugs from acrylic resin films was investi-
gated by Jenquin et al. (8,9). Their DSC studies
showed that incorporation of drug in the polymers
decreased the Tg, indicating that some drug dis-
solved in the polymer. Watts et al. (10) utilized
FT-IR and 13CNMR for the qualitative and quanti-
tative investigation of drug–polymer interactions.
Hsiue et al. (11) used FT-IR to discover direct
evidence of an interaction involving hydrogen
bonding between theophylline and Eudragit L in
the microspheres. The fraction of hydrogen-bonded
theophylline increased with an increase in the
amount of Eudragit L present in the microspheres.
Solid state 13CNMR was used by Vachon and
Nairn (12) to elucidate physico-chemical associa-
tions of various homologs of salicylic acid with
Eudragit RS in matrix microcapsules. The authors
noted that electrostatic association of the drug with
charged quaternary residues of the polymer may
have been responsible for the observed stability of
acetylsalicylic acid in aqueous swollen microspheres.

EXPERIMENTAL

Materials

Mesalazine (5-aminosalicylic acid) was purchased
from CHEMIE S.p.A., Cinisello Balsamo, Italy.
Eudragit RL30D, RS30D, FS30D were obtained in-
house from Röhm GmbH, Chemische Fabrik,

Darmstadt, Germany. Nonpareil beads were pur-
chased from Hans G. Werner GmbH, Reutlingen,
Germany. All other excipients used to
prepare pellets and for coating were of standard
pharmaceutical grade, and all chemical reagents
used were of analytical grade.

5-Aminosalicylic acid (5-ASA) was used as a
model drug for the preparation of pellets. It is
slightly soluble in water (1 mg/mL, 20�C). Three
dissociation constants (–COO: pKa1¼ 3.0, –NH2:
pKa2¼ 6.0, and –OH: pKa3¼ 13.9) have been
reported for 5-ASA (13).

Eudragits are copolymers of methacryclic acid.
The rigid molecular structure of polymethyl metha-
crylate (PMMA) is due to the backbone of a con-
tinuous chain of carbon atoms, which is additionally
stabilized by methyl groups. Eudragit FS30D is a
relatively new polymer—it is an anionic copolymer
of methyl acrylate, methyl methacrylate (MMA),
and methacrylic acid (MA) in a proportion of 7:3:1
(Fig. 3). It has a Tg of 22�C and forms films which
are insoluble in pure water and diluted acids. The
polymer is pH-sensitive; the carboxylic groups are
ionized above pH 6.5 and the polymer dissolves
(14). In the present study, Eudragit FS30D was
used to provide an outer coating for the pellets.
Eudragit RL and RS30D are cationic copolymers of
ethyl acrylate (EA), MMA, and trimethylammo-
nioethyl methacrylate chloride (TAMCl) in propor-
tions of 1:2:0.1 and 1:2:0.1, respectively (Fig. 4).
Eudragit RL and RS have the same chemical
structure, except, that Eudragit RL has double the
number of hydrophilic quaternary ammonium
groups (cation density 1:20 repeating units) than
Eudragit RS (cation density 1:40 repeating units).
Both the polymers have a Tg of 60�C and are
pH-independent; they swell and become permeable
after coming in contact with digestive juices. The

Figure 2. Schematic of a pellet containing only an inner coat and a pellet containing both inner and outer coat.
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release of most drugs is faster from Eudragit RL
than from Eudragit RS, hence the pellets can be
coated with different combinations of Eudragit RL
and RS to provide various degrees of sustained
release of the drug. Eudragit FS30D is produced by
an emulsion polymerization process, whereas
Eudragit RL and RS30D are produced by a direct
emulsification process (15–17).

Preparation and Coating of Pellets

The method for the preparation and coating of
pellets was described in a previous publication
(18). Briefly, the pellets were prepared by powder
layering of 5-ASA on nonpareil beads (nuclei) in a
conventional coating pan (Erweka, Dusseldorf,
Germany). Binder solution was continuously
sprayed on the moving nonpareil beads and the
powder composition was layered onto the particles.
The drug-loaded pellets were dried in an oven, after
which sieve analysis was done and the pellets were
coated.

For the inner coat, the pellets were coated with a
combination of Eudragit RL and RS in a fluidized-
bed coating apparatus (GPCG 1.1, Glatt, Binzen,

Germany). After the coating, the pellets were cured
in an oven. The cured pellets containing an inner
coat of Eudragit RL–RS were further coated with
Eudragit FS30D in the fluidized-bed processor and
cured again.

Scanning Electron Microscopy Studies

The surface characteristics of the pellets were
observed by scanning electron microscopy (SEM)
using a scanning electron microscope (Jeol, Tokyo,
Japan). The pellets were sputter-coated with Au/Pd
alloy for 6–7min in a Hammer sputter-coating
machine. Micrographs were taken at an excitation
voltage of 5.0 kV using a TMAX 100-speed film.

Software

Automatic calculations of the drug concentration
from ultraviolet (UV) absorption values were done
using UV WinLab� software.

Dissolution Studies

Dissolution studies (n¼ 6) were done using
modified USP XXIII, Method B for enteric-coated
products (paddle method, 100 rpm, 37�C). For the
acid stage, 200mg of pellets was added to 700mL
0.1N hydrochloric acid and dissolution was
done for 2 hr. At the end of 2 hr, 200mL 0.20M
tribasic sodium phosphate was added to all the
dissolution vessels, the pH was adjusted to 7.0, and
the dissolution was continued for another 12 hr for
the buffer stage. The dissolution apparatus (DT 80,
Erweka, Dusseldorf, Germany) was attached to a
spectrophotometer for automated sampling and
online analysis.

Preparation of Films

Because of the difficulty of separating the coating
from the pellets, potential interactions between the
polymers were investigated by casting films. For the
films of pure polymers, aqueous dispersions of
Eudragit FS30D and RL30D were diluted with
water from 30% to 10% polymer content. Diluted
polymeric dispersions were poured on glass slabs
and allowed to dry at ambient room temperature
for two to five days until the films appeared dry.
For the superimposed film of two polymers, first
a film of Eudragit RL was cast and allowed to

Figure 3. Chemical structure of Eudragit FS polymer unit.

Figure 4. Chemical structure of Eudragit RL polymer
unit.
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dry as described earlier, and then a film of Eudragit
FS was cast on top of the Eudragit RL film and
again allowed to dry. Small pieces of the dried
films were cut and used for DSC, NMR, and
FT-IR studies.

Since Eudragit RL and RS have the same chemi-
cal structure and differ only in the content of qua-
ternary ammonium groups, it was not considered
necessary to include Eudragit RS in the
superimposed film to study potential interactions.

DSC, FT-IR, and NMR Studies

Differential scanning calorimetry thermograms
were recorded with a power-compensation
calorimeter (Pyris 1, Perkin-Elmer, Shelton, CT,
USA) at a heating rate of 10K/min. The values of
Tg were measured as the temperature corresponding
to the half-height of the thermal capacity increment
during the second heating scan. The samples were
scanned from �40 to 100�C in aluminum pans with
a hole in the cover.

The FT-IR spectra of the films were taken with
an infrared microscope (NicPlan) coupled to a
spectrometer (Nicolet Magna 550) in ATR mode
using an objective (Spectra-Tech) with an aperture
of 2.5mm.

Nuclear magnetic resonance studies were per-
formed on a Varian instrument (VXR 300 S)

equipped with a MAS-Probe (Jacobsen) at a fre-
quency of 75.5MHz. The films were wound into a
zirconium oxide rotor. The measurements were car-
ried out at ambient temperature by cross-polariza-
tion with different contact times and by direct
excitation (Bloch decay) of the 13C nucleus at a
spinning rate of approximately 6 kHz.

RESULTS AND DISCUSSION

The micrographs of the pellets showed uniformity
and homogeneity of both inner and outer coats.

DSC

The Tg values of pure Eudragit RL and Eudragit
FS were 60�C and 22�C, respectively. The superim-
posed film of the two polymers Eudragit FS and
Eudragit RL showed two distinct glass transition
temperature values in the first heating cycle at the
expected temperatures of 60�C and 22�C. In the
second heating cycle, the Tg values were 59�C and
24�C, respectively (Fig. 5). In case there was an
interaction between the two polymers, the superim-
posed film would not have shown two distinct glass
transition values corresponding to the values of
the pure polymers. A small shift in Tg during the
second heating cycle is probably because of the

Figure 5. DSC thermogram of pure Eudragit FS (FS), pure Eudragit RL (RL), and superimposed-film of Eudragit FS and
Eudragit RL (FSþRL).
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residual moisture present in the films that acts as a
temporary plasticizer.

FT-IR

If there is indeed an interaction between the qua-
ternary ammonium group (–NMeþ3 ) of Eudragit RL
and the carboxylic acid group (–COO�) of Eudragit
FS, evidence of the interaction should be observed
at the corresponding vibrations of 1700 (C¼O) and
960 (–NMe3

þ) cm�1, respectively. However, the spec-
trum of the superimposed film did not show any
significant shift of the bands when compared with
the spectra of the pure polymers (Fig. 6). In the
ATR spectra, the HO vibration of the acid was too
weak to detect an interaction by H-bridge to the
halogen.

NMR

In order to study potential interactions between
the –NMeþ3 and –COO� groups, 13C-MAS spectra
of the samples in solid state were measured. The
chemical shift is sensitive to changes in the environ-
ment of the functional group. However, no shifts in
resonance could be detected in the superimposed-
film when compared with the pure polymers (Fig. 7).

The resonance of the quaternary ammonium group
was absolutely stable concerning the linewidth of
solid spectra (1–3 ppm). The resonance of the
carboxylic acid group was hidden by the more
intense ester-carbonyl group at 177 ppm (Table 1).

None of the results indicated any ionic interac-
tion between the multiple coatings of the delivery
system. However, physical interactions resulting
from steric hindrance of –NMeþ3 groups of Eudragit
RL by –COO� groups of Eudragit FS cannot be
ruled out. These physical interactions could lead to
lower hydration of Eudragit RL, thus slowing the
release of drug from the pellets having both inner
and outer coat.

Another possible explanation for the slower
release could be different degrees of hydration of
the Eudragit RL–RS layer in both cases. The
release from Eudragit RL–RS is primarily diffusion-
controlled and depends on the hydration caused
by the hydrophilic –NMeþ3 groups present in the
polymer. When only the RL–RS polymer coating
is applied, it is instantaneously available for hydra-
tion in the dissolution medium from the pellets.
However, when the second coating (outer coating)
of Eudragit FS is applied, the RL–RS coating
becomes only gradually accessible to the dissolution
medium as the –COO groups of Eudragit FS

Figure 6. FT-IR spectra of Eudragit RL, Eudragit FS, and superimposed-film of Eudragit RL and FS.
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ionize on the pellets. As the Eudragit FS coating
gradually dissolves at slightly alkaline pH, the
dissolution medium seeps into the inner layer of the
Eudragit RL–RS layer, causing it to swell and

become permeable. Thus the overall slower hydra-
tion of Eudragit RL–RS results in a slower than
expected release rate of the drug from pellets coated
with both an inner layer of Eudragit RL–RS and

Figure 7. NMR spectra of superimposed-film of Eudragit RL and FS (A), pure Eudragit RL (B), and pure Eudragit FS (C).

Ionic Interactions Between Eudragit FS and Eudragit RL 213



an outer layer of Eudragit FS compared with
pellets coated with the same level of Eudragit
RL–RS alone.

CONCLUSION

None of our results revealed any chemical
interaction between Eudragit RL and FS films.
However, physical interactions resulting from steric
hindrance of –NMeþ3 groups of Eudragit RL by
–COO� groups of Eudragit FS cannot be ruled out.
These physical interactions may possibly lead to
lower hydration of Eudragit RL, thus slowing the
release of drug from the pellets having both inner
and outer coat. It is possible that some weak ionic
interactions between the two polymers exist that
might not have been uncovered by the techniques
used in this study. Further studies using more
sensitive techniques would be necessary to ascertain
the nature of the interactions, if any.
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