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Different molecular weight forms of poly(ethylene oxide) can be used successfully in controlled release
drug delivery due to their excellent matrix forming properties. Drug release of these materials follows
nearly zero order kinetics, and is mainly governed by polymer swelling and erosion and diffusion of drug
molecules. Because of its partly amorphous structure, poly(ethylene oxide) undergoes structural changes
caused by elevated temperature and relative humidity of the storage medium resulting in an increased
drug release. This physical process can be highly influenced by the structure of different drug molecules,
such as polymer-binding ability and hydration tendency. These properties of two basic drugs embedded
into poly(ethylene oxide) matrices were characterized by molecular modelling and an attempt was made
to reveal their effect on the change of drug release stability, a prerequisite of the marketing authorization
of dosage forms. The findings suggest that both the hydration properties of the active ingredient and the
molecular weight of the polymer influence the effect of physical ageing of poly(ethylene oxide) on the
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drug release properties of the matrix.
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1. Introduction

Among a variety of hydrophilic polymers, poly(ethylene oxide)
(PEO) is one of the most important materials used in pharmaceuti-
cal formulation, mainly because of its non-toxicity, high water-sol-
ubility and swellability, insensitivity to the pH of the biological
medium and ease of production (Kim, 1995; Picker-Freyer, 2006).
High molecular weight PEOs have been successfully applied in con-
trolled release dosage forms, because the rate of swelling and ero-
sion of the polymer allows the sustained release of active
ingredients. As swelling, thus matrix forming capacity depends
on the molecular weight, modification of the release kinetics is
possible via choosing the appropriate type of PEO (Maggi, Segale,
Torre, Machiste, & Conte, 2002).

Drug release characteristics of the aforementioned polymers
have been studied recently in the literature (Borgquist, Korner,
Piculell, Larsson, & Axelsson, 2006; Kim, 1995; Maggi et al.,
2002; Wu, Wang, Tan, Moochhala, & Yang, 2005). The process in-
volves two mechanisms, diffusion through the swollen polymer
and release via polymer dissolution. It has also been discussed, that
both swelling and dissolution are faster in the case of the lower
molecular weight forms, which results in higher release rates. On
the other hand, the extent of swelling is higher for higher molecu-
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lar weights and this is the dominant factor in drug release. In the
case of lower molecular weight PEOs, both swelling and dissolution
are important, and the synchronization of the two processes can be
observed.

The main drug release determining factors of a hydrophilic
polymer-based dosage form are the swellability and erosibility of
the polymer matrix, as well as the diffusibility of drug molecules.
Besides the concentration gradient between the dosage form and
the release medium, this latter property highly depends on the
size, molecular weight and solubility of the molecule, and the ex-
tent and nature of the drug-polymer interaction. On the other
hand, swellability and the erosibility of the matrix also depend
on the molecular weight and hydration tendency of the polymer,
as well as on the interaction between polymer molecules. In the
case of amorphous or partly amorphous polymers, this latter prop-
erty can strongly be influenced by a phenomenon known as phys-
ical ageing. As such polymers are not in equilibrium below their
glass transition temperature, they usually undergo spontaneous,
although slow transformations towards low-energy equilibrium
states. This process is usually manifested in volume and enthalpy
relaxation indicating serious structural changes in the material.
Sometimes common gases (as CO,) or the natural humidity of air
initiate these processes and the plasticization effects of these
everyday materials are enough to change the crystallinity or the
glass transition temperature of the polymer significantly (Siivegh
& Zelko, 2002). In an earlier study, physical ageing of two types
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of poly(ethylene oxide) could be tracked by the combination of dif-
ferential scanning calorimetry, positron annihilation lifetime spec-
troscopy and scanning electron microscopy. Structural changes, i.e.
an increase in the degree of crystallinity and volume relaxation
could be observed even after a short storage time (4 weeks), which
highlights the importance of the effects of physical ageing on the
properties of dosage forms containing PEO (Kiss et al., 2006).

The effect of physical ageing on the drug release behaviour of
several polymers and lipids was studied and can be found in the
literature (Lovrecich, Nobile, Rubessa, & Zingone, 1996; Nafee,
Ismail, Boraie, & Mortada, 2003; Vincente, Hernandez, Gascoén,
Calvo, & Pedraz, 2000; Zelké & Siivegh, 2005) but not for PEO. Here
we report the possible changes in the drug release behaviour of
this polymer caused by storage, and the effects of two basic drugs
of similar molecular weight and water solubility but with different
polymer-binding ability and hydration tendency.

For this purpose, matrix tablets were formulated using two dif-
ferent molecular weight forms of PEO, and dissolution tests were
carried out before and after storing the dosage forms under stress
conditions for different time intervals. Polymer-drug, polymer-
water and drug-water interactions possibly taking place along
with storage were modelled by means of computer simulation.

2. Materials and methods
2.1. Materials

Polyethylene oxide (Polyox® WSR N-12K - M,, =1 x 10° and
Polyox® WSR 303 - M,, = 7 x 10%; PEO N-12K and PEO 303, respec-
tively) (The Dow Chemical Company, New Milford, U.S.A.), metro-
nidazole (Unichem Laboratories Ltd., Maharashtra, India) or
anhydrous theophylline (Hungaropharma Ltd., Budapest, Hun-
gary), and magnesium stearate (Hungaropharma Ltd., Budapest,
Hungary) were used for the formulation of the matrix tablets.

2.2. Tablet preparation

Four kinds of tablets were prepared, each containing 250 mg
metronidazole or 150 mg theophylline, 250 mg PEO N-12K or
PEO 303 and 0.5 or 0.4 mg magnesium stearate as a lubricant. After
weighing and homogenizing the components thoroughly in a mor-
tar, tablets of 12 mm in diameter were directly compressed with a
Diaf type (Denmark) single punch press at constant compression
force.

2.3. Storage conditions

Samples of the four kinds of tablets were stored at 40 + 2 °C and
at 75 + 5% relative humidity for 4 weeks.

2.4. Dissolution tests

Dissolution tests were carried out before and right after storage,
in an ERWEKA DT6RE type dissolution tester at 37 +1°C and
50 rpm, using rotating baskets. The dissolution medium was
500 ml of 0.1 N HCI with 2 g/l of sodium chloride. Samples were ta-
ken after 15, 30, 45, 60, 90 and 120 min and after that every 60 min
up to 8 h. The sample volume was 10 ml, which was replaced each
time with the equivalent of dissolution medium. The dilution
caused by this addition was corrected when the amount of drug re-
leased was calculated. After dilution and filtration through a mem-
brane filter (Sartorius) of 200 nm pore size, the active content of
the samples was determined with a JASCO V-550 UV/VIS spectro-
photometer at 280 nm (metronidazole) or 270 nm (theophylline)
on the basis of calibration curves recorded earlier.

2.5. Comparison of the dissolution curves

Mathematical comparison of drug release profiles before and
after storage was carried out by calculating the difference (f;)
and similarity (f>) factors according to Eqgs. (1) and (2) proposed
by Moore and Flanner (1996) and implemented by FDA CDER.

fi :73:1%’354‘” x 100 1)
t=1
n 2
f250x10g\j<1+#> % 100 2)

where n is the number of time points, R is the dissolution value of
the reference sample (here the sample before storage) at time t,
and T is the dissolution value of the test sample (here the sample
stored for 4 weeks) at time t. For curves to be considered similar,
f1 values should be close to 0, and f, values should be close to
100. Generally, f; values up to 15 (0-15) and f, values greater than
50 (50-100) ensure sameness or equivalence of the two curves and,
thus, of the performance of the test and reference samples.

2.6. Computer simulation

For the ab initio calculations the GAUSSIAN computer code
(Frisch et al., 1998) was used. For the simulation of PEO chains,
we have used a short sequence of the molecule. Even so, the sim-
plified molecule was very large and we used a relatively small basis
set, namely, HF/3-21G . Consequently, the determined optimum
geometries and energies are not the most exact ones but, anyhow,
give some practical hints on the structure of hydrogen bound com-
plexes forming between PEO, drugs and water.

2.7. Particle size measurement

For the determination and comparison of the particle size distri-
bution of actives and PEOs of different molecular weights laser dif-
fraction particle size analysis (Sympatec, Germany) was carried
out. Table 1 summarizes the particle size data of actives and of
the matrix forming polymers.

3. Results and discussion

Fig. 1 shows the drug release profiles of the two different
molecular weight PEO matrices containing metronidazole before
and after 4 weeks of storage. In the case of the lower molecular
weight polymer, a significant increase in drug release (f> <50)
could be observed after storing the samples under stress condi-
tions. The reason behind this phenomenon could be that the above
mentioned structural changes of poly(ethylene oxide) lead to
stronger polymer-polymer interaction, which could result in the
decrease of the strength of the secondary bonds formed between
the polymer chains and the active ingredient molecules. On the
other hand, no such changes could be seen in the case of the higher
molecular weight form, although earlier studies confirmed struc-
tural alterations similar to those of the low molecular weight poly-
mer. This suggests that not only the modified physical properties of

Table 1

Particle size data of actives and of the matrix forming polymers

Material dyo (um) dsp (Hm) dgo (1m)
Metronidazole 25.0 126.1 300.3
Theophylline 24.3 124.0 305.2
Polyox WSR 303® 37.7 145.1 3474
Polyox WSR N-12K® 26.3 142.5 360.0
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Fig. 1. Drug release profiles of PEO matrices containing metronidazole.

the polymer matrix determine the behaviour of the dosage form in
the course of storage but also the characteristics of the molecules.
This assumption could be affirmed by the finding that, in the case
of theophylline, drug release of high molecular weight matrices in-
creased to an even greater extent (Fig. 2).

The above figures also indicate that metronidazole release is
higher than that of theophylline, which can partly be attributed
to the greater density of metronidazole molecules in the polymer
matrix (5840 vs. 3330 drug molecules per polymer molecule in
the case of PEO N-12K and 40,880 vs. 23,310 drug molecules per
polymer molecule for PEO 303). This could lead to the higher con-
centration gradient of metronidazole, resulting in the faster diffu-
sion of this drug. Another contributing factor can be that the
interaction between theophylline and poly(ethylene oxide) is
stronger, as according to the ab initio calculations, the energy gain
of the H-bond between these two molecules is greater than in the
case of metronidazole (Fig. 3).

According to the results of the computational simulations, the
formation of the theophylline-water complex also leads to higher
energy gain than in the case of metronidazole (Figs. 4 and 5).

The formation of drug-water complexes alone would not be en-
ough to break the PEO-drug H-bonds, but the hydration of PEO
molecules (Fig. 6) also contributes to this process.

The difference in the changes of drug release of the higher
molecular weight matrices could be explained with the different
hydration tendency of the drug molecules. As it can be seen, the
overall formation of theophylline-water complexes leads to higher
energy gain, than that of metronidazole-water complexes. Thus,
theophylline is released easier from the polymer matrix, because
its interaction with water molecules during storage possibly leads
to the weakening of the theophylline-polymer interaction. This
phenomenon is less remarkable in the case of metronidazole,
where drug-water interaction is weaker. The two different molec-
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Fig. 2. Drug release profiles of PEO matrices containing theophylline.
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Fig. 3. Optimized geometry of PEO-complexes of the two examined drug molecules
and the corresponding energy values.
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Energy gain (hartree) 0.0136 0.0163 0.0098

Fig. 4. Optimized geometry of metronidazole-water complexes and the corre-
sponding energy values.
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Fig. 5. Optimized geometry of theophylline-water complexes and the correspond-
ing energy values.
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Fig. 6. Optimized geometry of PEO-water complexes and the corresponding energy
values.

ular weight forms of the polymer act differently from this aspect,
as PEO N-12K matrices present equally increased drug release of
both kinds of molecules. The reason behind this could be that be-
cause of its lower molecular weight, PEO N-12K has seven times
more -OH end-groups capable of H-bond formation with water
molecules. Thus, the lower molecular weight form hydrates faster
and water molecules can penetrate easier into the matrix, being
able to compete with PEO-molecules in H-bridges with the drug
molecules. On the other hand, PEO 303 forms a much thicker ma-
trix, leaving less opportunity for water molecules to get imbibed
and interact with drug molecules. Thus, water-drug interaction
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could gain greater significance in the case of theophylline, where
complex formation is energetically more favourable.

4. Conclusions

The above drug-release measurements and ab initio calcula-
tions suggest that both the hydration properties of the active ingre-
dient and the molecular weight of the polymer influence the effect
of physical ageing of poly(ethyle oxide) on the drug release of ma-
trix tablets.
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