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Abstract

Three different anionic polymers namely Eudragit S 100, Eudragit L 100-55 (methacrylic acid copolymers), and sodium
carboxymethylcellulose (NaCMC) were used to evaluate the propranolol hydrochloride—anionic polymer interaction. The physical
and chemical properties of propranolol hydrochloride and anionic polymer complex were investigated using Fourier transform
infrared spectroscopy (FTIR) and differential scanning calorimetry (DSC). The DSC profiles demonstrated that the characteristic
peak of propranolol hydrochloride cannot be found in the heating curve of the complexes, indicating that complex is different in
physicochemical properties from the physical mixture of drug—polymer. The FTIR spectra also confirmed that there is an
interaction between propranolol hydrochloride and methacrylic acid copolymers. The binding of the drug to the polymers was due
to the existence of preferential hydrogen bonding between the amino group of the propranolol hydrochloride and the carboxylic

functions ’of the polymers and that pH conditions can influence this binding.
© 2003 Editions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

The formation of complexes due to macromolecular
associations in polymer networks has been great interest
in the pharmaceutical sciences. Polymer complexes are
classified by the nature of the association. The major
classes of polymer complexes are stereocomplexes,
polyelectrolyte complexes, and intermolecular hydro-
gen-bonded complexes [1,2].

Polyelectrolyte complexes form readily between poly-
anions and polycations. These complexes are formed by
ionic association of repeating units on the polymer
chains. The stability of complexes is dependent on many
environmental factors such as nature of solvent, pH,
and ionic strength [3.4].

Because of their nature, polyelectrolyte complexes
have the ability to function in a wide variety of
applications such as taste masking and controlled
release systems. Among the method used to formulate
oral controlled release products, the system which is
based upon ion exchange complexes has shown promise
[5=7]. The anionic drug, sodium diclofenac, and the
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anion exchange resin, cholestyramine (Duolite® ATP-
143), were evaluated by Sriwongjanya and Bodmeier [6].
It is observed that the release of drug from the drug—
resin complexes or a physical mixture of the drug and
resin in water or pH 7.4 buffer was retarded. The
method has usually been adopted for basic drugs in the
cationic form or acidic drugs in the anionic form, which
interact with an anionic/cationic exchange polymers
[6,8—10]. A polymeric matrix system for controlled
drug release was developed employing the model drugs,
salicylic acid and chlorpheniramine maleate, along with
two acrylic resin polymers (Eudragits RL and RS) by
Jenquin and McGinity [8]. It is reported that the
dissolution profiles for salicylic acid and chlorphenir-
amine maleate were found to directly correlate with the
drug—polymer interactions [8].

The electrostatic attraction between the opposite
charged ions will be a part/or the main driving force
for the initiation of complex formation between the drug
and polymer molecules [11]. The interaction between
drug and anionic polymer is an equilibrium reaction
which, assuming 1:1 complexation, may be presented as

Eq. (1) [12]:
Polymer + Drug <« Complex (1)

An experimentally determined equilibrium binding
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Fig. 1. DSC heating curves of (A) Eudragit S, (B) Eudragit S+ propranolol hydrochloride (complex), (C) Eudragit S+ propranolol hydrochloride

(physical mixture), and (D) propranolol hydrochloride.
constant, K, i1s defined as

Complex

()

°* " Drug x Polymer

In most techniques used to determine binding cons-
tants for drugs, the general strategy is to measure some
system response (absorbance, mobility, retention time,
etc.) to varying polymer concentrations at constant drug
concentration. That response may then be related to the
relative concentrations of free and bound drug, and
subsequently drug—polymer binding constant [13].

Takka et al. [9] used UV spectra method to determine
binding constants for propranolol hydrochloride. It is
reported that there is a considerable propranolol
hydrochloride and anionic polymer interaction depen-
ding on the —COOH groups of anionic polymers.
Eudragit L 100-55 has the highest binding constant
compared to Eudragit S and sodium carboxymethylcel-
lulose (NaCMC).

In the previous study [9], UV—Vis spectra in solution
was performed to obtain information on the inclusion
mode. In this study, Fourier transform infrared spectro-
scopic (FTIR) and differential scanning calorimetric

(DSC) analyses were used to characterize the complexa-
tion of propranolol hydrochloride with the model
anionic polymers, Eudragit L 100-55, Eudragit S, and
NaCMC, at the solid state.

Both Eudragit L 100-55 and Eudragit S are anionic
copolymers based on methacrylic acid and ethyl acry-
late, and methacrylic acid and methyl methacrylate,
respectively. The ratio of the free carboxyl groups to the
ester group is approximately 1:1 in Eudragit L 100-55
and about 1:2 in Eudragit S. Both of them are insoluble
acids and pure water, whereas they are soluble in
intestinal medium from pH 7 upwards [14]. NaCMC is
the sodium salt of a polycarboxymethyl ether of
cellulose. The aqueous solubility varies with the degree
of substitution (DS) [15].

2. Materials and methods

2.1. Materials

The following chemicals were obtained from com-
mercial suppliers and used as received: propranolol
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hydrochloride (Wyckoff Chemical Company, Inc., MI,
USA), methacrylic acid copolymers (Eudragit L100-55,
Eudragit S 100; Rohm Pharma, Germany), and
NaCMC (Sigma, USA).

2.2. Preparation of propranolol hydrochloride—anionic
polymer complex

Propranolol hydrochloride was dissolved in distilled
water. The polymers were dissolved in distilled water by
adjusting pH to 7.4 by addition of 1.0 M NaOH. The
polymer solution was slowly added to the propranolol
hydrochloride solution with constant stirring at 37 °C
for 2 h. The precipitate formed in the reaction was
filtered off and washed with distilled water. The product
was dried at 40 °C for 3 days under reduced pressure.

2.3. Differential scanning calorimetry

Thermal analysis was performed on the drug, poly-
mer, drug—polymer physical mixtures, and complex
using a Dupont 910S Differential Scanning Calorimeter
at a scanning speed of 20 °C/min between 20 and 200 °C.

2.4. FTIR absorption spectroscopy

FTIR analysis was performed on the drug, polymer,
drug—polymer physical mixtures, and complex using
Vektor 22 Fourier Transform Infrared Spectra accor-
ding to the KBr pellet method.

3. Results and discussions
3.1. Differential scanning calorimetry

The DSC heating curves for propranolol hydrochlo-
ride, anionic polymers, propranolol hydrochloride—
anionic polymer complex, and the physical mixture are
shown in Figs. 1-3. Propranolol hydrochloride and the
polymer were weighed in a 1:1 ratio and then mixed by
light trituration in a mortar to prepare the physical
mixtures. The DSC scan of propranolol hydrochloride
in Figs. 1-3 showed an endothermic peak corresponding
to the melting point of the drug at 168.89 °C (AH =
124.9 J/g). The physical mixtures for propranolol
hydrochloride—Eudragit S, propranolol  hydro-
chloride—Eudragit L 100-55, and propranolol hydro-
chloride—NaCMC blends exhibit endothermic peaks
corresponding to the initial substances at onset tem-
peratures of 168.81 °C (AH =51.54 J/g), 168.89 °C
(AH=55.39 J/g), and 168.36°C (AH=58.92 J/g),
respectively, indicating that the drug is in its crystalline
form without undergoing any degradation process. As it
is shown in Figs. 1-3, the DSC heating curves of pure
Eudragit S, Eudragit L 100-55, and NaCMC exhibited a

melting peak at onset temperatures of 121.95 °C (AH =
90.19 J/g), 87.85°C (AH=90.0 J/g), and 130.93 °C
(AH =93.10 J/g), respectively. Furthermore, the drug
and anionic polymer complexes exhibited a broad
endothermic peak ranging from 60 to 150 °C. Never-
theless, the characteristic peak of propranolol hydro-
chloride cannot be found in the heating curve of the
complexes, indicating that complex is different in
physicochemical properties from the physical mixture
of drug—polymer. It is thought that molecular state of
the drug in the complex was changed from the crystal-
line to the amorphous state. The amorphous polymers
show a typical change in their structures at a tempera-
ture known as the glass transition temperature (7). It
represents a change in the polymer from a brittle state
(glass state) to a less brittle one (rubbery state) because
of increased segmental mobility [16]. Interactions be-
tween the drug and the polymer can influence 7, of the
polymer. From DSC heating curves, the T, values of
Eudragit S and Eudragit L 100-55 were found to
increase as 20 and 39 °C, respectively, comparing to
the complex (Figs. 1 and 2). Similar results were
obtained by Halgado et al. [17]. It is reported that the
modification in 7T, of a polymer is dependent on the
interaction degree between this compound and the drug.
An increase in the temperature is substantially asso-
ciated with a strong interaction, which means a fall in
the polymer chain mobility.
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Fig. 2. DSC heating curves of (A) Eudragit L 100-55, (B) Eudragit L
100-55+propranolol hydrochloride (complex), (C) Eudragit L 100-
55+ propranolol hydrochloride (physical mixture), and (D) proprano-
lol hydrochloride.
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Fig. 3. DSC heating curves of (A) NaCMC, (B) NaCMC +propranolol hydrochloride (complex), (C) NaCMC + propranolol hydrochloride

(physical mixture), and (D) propranolol hydrochloride.

In contrast, NaCMC complex (Fig. 3) presented a fall
in the polymer 7, value (127 °C). Since NaCMC has a
large molecular weight and higher COOH bonding
groups than drug, the intensity of the cross-linking
would be considerably less in the propranolol hydro-
chloride—NaCMC system. Hence, plasticization due to
the disruptive presence of small drug molecules between
adjacent polymer segments would be the predominant
phenomenon and this results in an increase in its
segmental mobility and thus a fall in T, [18]. These
data suggested that the binding between amino group
and carboxyl group played an important role in the
complexation.

Furthermore, the peaks around 185 and 208 °C in
Figs. 1 and 3, respectively, may be the result of a shift of
the melting point of propranolol hydrochloride owing to
the formation of an ion pair between the amino group of
propranolol hydrochloride and the carboxylic acid
group of Eudragit S and NaCMC.

3.2. FTIR spectroscopy

FTIR is one technique that has been used to study
interactions in drug—polymer blends and it can provide
valuable information regarding the interactions of
drug—polymer blends at the molecular level [19]. If the
drug and polymer interact then the functional groups in
the FTIR spectra will show the emergence of additional
bands or alterations in wavenumber position or broad-
ening compared to the spectra of the pure drug and
polymer [8]. The FTIR spectra in the absorbance mode
for the propranolol hydrochloride—anionic polymer
blends are shown in Figs. 4—6. Figs. 4 and 5 show the
characteristic bands of C=0 vibrations of the carboxylic
acid groups at 1705 cm ' and of the esterified
carboxylic groups at 1735 cm ™~ !. The FTIR spectra of
the complex in comparison with the physical mixture are
shown in Figs. 4 and 5, which show a new absorption
band at 1556 and 1550 cm ' for propranolol hydro-
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Fig. 4. FTIR spectra of (A) Eudragit S, (B) Eudragit S+ propranolol
hydrochloride (complex), (C) Eudragit S+ propranolol hydrochloride
(physical mixture), and (D) propranolol hydrochloride.

chloride—Eudragit S and propranolol hydrochloride—
Eudragit L 100-55 complexation, respectively. This is
considered to be the result of salt formation. The
conversion of a carboxylic acid to a salt can be done
by the addition of amine group to a solution of the
carboxylic acid. When ionization occurs, with formation
of the COO ™~ group, resonance is possible between the
two C—O bands. As a consequence, the characteristic
carbonyl absorption is replaced by the band in the
1550—1556 cm ! region. This band corresponds to
auto-symmetrical vibrations of the COO™ structure
and is used as a diagnosis of the COO ™~ group [20,21].
The results therefore indicate a strong and extensive
interaction between methacrylic acid polymers and
propranolol hydrochloride by the presence of carboxylic
groups in the structure of the latter, enabling the
formation of hydrogen bonds with the amine group of
the propranolol hydrochloride. However, a new absorp-
tion band apparently did not occur in the NaCMC-
propranolol hydrochloride complex due to lack of the

\Mq

TV

Transmittance (%)

J

s

T T T T T T T
1800 1700 1600 1500 1400 1300

Wavenumbers (cm™')

Fig. 5. FTIR spectra of (A) Eudragit L 100-55, (B) Eudragit L 100-
55+propranolol hydrochloride (complex), (C) Eudragit L 100-55+
propranolol hydrochloride (physical mixture), and (D) propranolol
hydrochloride.

intensity of the cross-linking hydrogen bond network
(Fig. 6). NaCMC has a large molecular weight so that
the interaction between propranolol hydrochloride and
NaCMC is more complex than methacrylic acid poly-
mers [22]. NaCMC is also a very hygroscopic polymer
[15]. The absorption band between 1600 and 1700 cm !
presented in the pure NaCMC, which appeared pro-
bably due to the water, was not observed in the physical
mixture (Fig. 6).

4. Conclusions

The existence of propranolol hydrochloride—anionic
polymer interaction was confirmed with various physi-
cochemical methods. The DSC and FTIR method
indicated that the type of anionic polymer affected the
complex formation. The ratio of the free carboxyl
groups to the ester groups is an important parameter
to form the complex formation in methacrylic acid
copolymers.
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Fig. 6. FTIR spectra of (A) NaCMC, (B) NaCMC +propranolol
hydrochloride (complex), (C) NaCMC+propranolol hydrochloride
(physical mixture), and (D) propranolol hydrochloride.

Acknowledgements

The author would like to thank Rohm Pharma for
providing free samples.

References

[1]1 E.A. Bekturov, L.A. Bimendana, Interpolymer complexes, Adv.
Polym. Sci. 43 (1981) 100-147.

[2] E. Tsuchida, K. Abe, Interactions between macromolecules in
solution and intermolecular complexes, Adv. Polym. Sci. 45
(1982) 1-119.

[3] A.M. Lowman, Complexing polymers in drug delivery, in: D.L.
Wise, A. Klibanov, R. Langer, A. Mikos, L.B. Peppas, N. Peppas,

D.J. Trantolo, G.E. Wnek, M.J. Yaszemski (Eds.), Handbook of
Pharmaceutical Controlled Release Technology, Dekker, New
York, 2000, pp. 89-97.

[4] E. Tsuchida, Y. Osada, H. Ohno, Formation of interpolymer
complexes, J. Macromol. Sci. Phys. B17 (1980) 683-714.

[5] WJ. Irwin, K.A. Belaid, H.O. Alpar, Drug delivery by ion-
exchange. Part II1. Interaction of ester pro-drugs of propranolol
with cationic exchange resins, Drug Dev. Ind. Pharm. 13 (1987)
2047-2066.

[6] M. Sriwongjanya, R. Bodmeier, Effect of ion exchange resins on
the drug release from matrix tablets, Eur. J. Pharm. Biopharm. 46
(1998) 321-327.

[7] L.C. Feely, S.S. Davis, The Influence of polymeric excipients on
drug release from hydroxypropylmethylcellulose matrices, Int. J.
Pharm. 44 (1988) 131-139.

[8] M.R. Jenquin, J.W. McGinity, Characterization of acrylic resin
matrix films and mechanisms of drug—polymer interactions, Int.
J. Pharm. 101 (1994) 23-24.

[9] S. Takka, S. Rajbhandari, A. Sakr, Effcet of anionic polymers on
the release of propranolol hydrochloride from matrix tablets, Eur.
J. Pharm. Biopharm. 52 (2001) 75-82.

[10] D.B. Beten, M. Gelbcke, B. Diallo, A.J. Moes, Interaction
between dipyridamole and Eudragit S, Int. J. Pharm. 88 (1992)
32-37.

[11] G.S. Manning, The molecular theory of polyelectrolyte solutions
with applications to the electrostatic properties of polynucleo-
tides, Q. Rev. Biophys. 2 (1978) 179-246.

[12] J. Szejtli, T. Osa, Cyclodextrins, in: J. Atwood, J. Davies, D.
Macnicol, F. Vogtle (Eds.), Comprehensive Supramolecular
Chemistry, vol. 3, Elsevier, New York, 1996, p. 189.

[13] S.M. Gratz, A.M. Stalcup, Enantiomeric separations of terbuta-
line by CE with a sulfated B-cyclodextrin chiral selector: a
quantitative binding study, Anal. Chem. 70 (1998) 5166—5171.

[14] Eudragit®, Rohm Pharma Polymers, Hiils America, Inc, New
Jersey, 1997.

[15] A. Wade, P.J. Weller, Handbook of Pharmaceutical Excipients,
2nd ed., The Pharmaceutical Press, London, 1994.

[16] D.A. Skoog, F.J. Holler, T.A. Nieman, Principles of Instrumental
Analysis, 5th ed., Harcourt Brace, Orlando, 1998.

[17] M.A. Halgado, M. Fernandez-Arevalo, J. Alvarez-Fuentes, I.
Caraballo, J.M. Llera, A.M. Rabasco, Physical characterization
of cartelol: Eudragit® L binding interaction, Int. J. Pharm. 114
(1995) 13-21.

[18] O. Okhamafe, P. York, Thermal characterization of drug/polymer
and excipient/polymer interactions in some film coating formula-
tion, J. Pharm. Pharmacol. 41 (1989) 1-6.

[19] R. Nair, N. Nyamweya, S. Gonen, L.J. Martinez-Miranda, S.W.
Hoag, Influence of various drugs on the glass transition tempera-
ture of poly(vinylpyrrolidone): a thermodynamic and spectro-
scopic investigation, Int. J. Pharm. 225 (2001) 83-96.

[20] M. Avram, G.H. Mateescu, Infrared Spectroscopy: Applications
in Organic Chemistry, Wiley/Interscience, New York, 1996.

[21] H.K. Lee, J. Hajdu, P. McGoff, Propranolol-methacrylic acid
copolymer binding interaction, J. Pharm. Sci. 80 (1991) 178-180.

[22] M.A. Dabbagh, J.L. Ford, M.H. Rubinstein, J.E. Hogan, A.R.
Rajabi-Siahboomi, Release of propranolol hydrochloride from
matrix tablets containing sodium carboxymethylcellulose, Pharm.
Dev. Tech. 4 (1999) 313-324.



	Propranolol hydrochloride-anionic polymer binding interaction
	Introduction
	Materials and methods
	Materials
	Preparation of propranolol hydrochloride-anionic polymer complex
	Differential scanning calorimetry
	FTIR absorption spectroscopy

	Results and discussions
	Differential scanning calorimetry
	FTIR spectroscopy

	Conclusions
	Acknowledgements
	References


