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bstract

Release profiles of aspirin from hypromellose matrices in hydro-ethanolic media were studied. Percent aspirin released increased with increasing
evels of ethanol in the dissolution media, correlating with the drug’s solubility, however, dose dumping of aspirin did not occur. An initial rapid
elease was observed in media comprising 40% ethanol. Release in these conditions was considered to be both erosion and diffusion-mediated, in

ontrast to the release in 0, 10, 20 and 30% ethanol media, where erosion-controlled release dominated. Image analysis of matrix swelling indicated
slower initial interaction between ethanol and hypromellose accounting for the initial rapid release. Cloud point studies suggested that ethanol

etarded hydration of the polymer.
2006 Elsevier B.V. All rights reserved.
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. Introduction

The potential impact of concomitant alcohol consumption on
he in vivo release of drugs from modified release oral dosage
orms is currently evincing interest. This is a consequence of the
nding that co-consumption of significant quantities of alcoholic
everage can result in potentially serious dose dumping of the
pioid analgesic hydromorphone from a controlled release cap-
ule dosage form (FDA Alert, July 2005). As studies in human
olunteers involving co-administration of drug and significant
mounts of alcohol pose ethical and operational challenges it
s appropriate to consider in vitro studies to provide insight on
elease mechanisms in hydro-alcoholic media, thereby guiding
ormulation programs assessing the potential for alcohol-related
ose dumping.
The cellulose ether hypromellose, also known as hydrox-
propylmethylcellulose or HPMC, is widely used to form
wellable hydrophilic matrices that retard drug release to pro-
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ong therapeutic effect (Li et al., 2005). Release from such a
atrix is mediated by a combination of polymer hydration, dif-

usion of drug through the gel layer, which forms as a result of
olymer transition from a “glassy” to a “rubbery” state upon
ydration, drug dissolution and polymer erosion (Nerukar et al.,
005).

The aim of this investigation was to assess the influence of
lcohol on the rate and mechanisms of release of aspirin from
ypromellose hydrophilic matrices.

. Materials and methods

.1. Materials

Hypromellose (Methocel® K4M, Dow Chemical Co., USA)
as a gift from Colorcon Ltd., UK. Aspirin (acetyl salicylic
cid, Sigma–Aldrich, UK), sodium acetate anhydrous (Fluka,
K) and glacial acetic acid (BDH Chemicals Ltd., UK) were

ll used as received. Absolute ethanol was standard reagent
rade. Deionised water was produced with a reverse osmosis
nit (Select analyst HP, Purite Ltd., UK).

mailto:M.Roberts1@ljmu.ac.uk
dx.doi.org/10.1016/j.ijpharm.2006.09.055
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.2. Formulation and tablet compaction

Tablets comprising 139.5 mg hypromellose, 139.5 mg aspirin
nd 1 mg magnesium stearate (hypromellose–aspirin matri-
es) or 279 mg hypromellose and 1 mg magnesium stearate
hypromellose tablets) were prepared by direct compression on a

anesty F3 single punch tablet press fitted with 8.95 mm diam-
ter, flat punches. Tablets were produced to crushing strengths
n the range of 5.5–6 kP (Dr. Schleuniger, 6D tablet tester).

.3. Dissolution testing

Drug release was monitored using a British Pharmacopoeia
2005) Apparatus 1 (8ST, Caleva Ltd., UK) with rotation speed
f 50 rpm, in 500 ml of medium at 37 ◦C. Media comprised
cetate buffer (B.P.) with 0, 10, 20, 30 or 40% (v/v) ethanol. For
ach medium, six tablets were tested and drug release was mon-
tored spectrophotometrically at 265 nm (Genesys 6, Thermo
lectron Corporation, USA).

.4. Data analysis

Drug release data were analysed using a modified power law
quation (Eq. (1)) proposed by Ford et al. (1991).

= k(t − l)n (1)

here M is the percentage of drug release at time t, k a constant
ncorporating structural and geometric properties of the devices,
the lag time and n is the release exponent, indicative of the drug
elease mechanism.

.5. Drug solubility

The solubility of the drug in the different hydro-ethanolic
issolution media was determined spectrophotometrically
265 nm) at ambient temperature, using a solution of known

oncentration of aspirin in the different media as a standard. To
etermine the solubility, a saturated solution was prepared by
dding an excess of drug to 5 ml of media. This solution was
hen shaken for 2 h (preliminary tests indicated that 2 h was suf-

a
t
w
o

Fig. 1. The effect of ethanol concentration on the release of aspirin from hypromello
f Pharmaceutics 332 (2007) 31–37

cient time to reach saturation) and a small amount (∼1.5 ml)
as centrifuged (Z160M, Hermle Laborthechnik, Germany) at
4,000 m−1 for 20 s. 0.5 ml of the supernatant was diluted until
n absorbance value similar to that of the standard was obtained.

.6. Compact swelling

The dynamics of the swelling process were investigated
sing a digital camera (Pixera 120es) and associated image
nalysis software (Image ProPlus®). Each compact (either
ypromellose–aspirin matrix or hypromellose tablet) was placed
ertically in a small plastic petri dish, and 10 ml of medium
as added at ambient temperature. The petri dish was placed

n a plane with a light source (tungsten lamp), and the camera,
quipped with macro lens was placed above. The light beam
irection was regulated to generate a high contrast image, with
he tablet completely black in a bright background. The analy-
is was performed using the 0 and 40% ethanol media. Images
ere obtained at 0, 5, 10, 15, 20, 25, 35, 45, 60, 75, 90, 105

nd 120 min. Each image was calibrated using a graduated ruler
nder the same conditions.

.7. Viscosity

Viscosity measurements were performed on 2% (w/v)
ypromellose gels in the different dissolution media. The gels
ere prepared with 150 ml of each dissolution media and 3 g
f hypromellose. Initially, in a pre-weighed beaker, 80 ml of
queous buffered solution (comprising sufficient buffer salts for
50 ml of media) was heated to 80 ◦C. Three grams of hypromel-
ose was then added under stirring, until a uniform dispersion
as obtained. At this point the heater was switched off, and the
eaker was left stirring for 30 min. In this period a viscous gel
as obtained and the additional liquid with the requisite amount
f ethanol for each medium was added with continuous stirring.
he dispersions were left to stir for 1 h and were then stored in

refrigerator (6 ◦C) for 48 h. Prior to testing, gels were allowed

o stand for 1 h at ambient temperature. Additionally, the gels
ere weighed to determine whether losses due to ethanol evap-
ration had occurred. The effect of such evaporation resulted

se matrices in various hydro-ethanolic media (n = 6 ± S.D. for each data set).
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3.1. Drug release

Release profiles of aspirin from hypromellose matrices are
shown in Fig. 1. With the exception of the medium contain-
Fig. 2. The effect of time on the release rate (% min−1) of aspirin fr

n hypromellose concentrations in the range of 1.9–2.1 %
w/v).

Gel viscosity was determined with a CSL2
500 Carri-Med

heometer (TA Instruments Ltd., USA) by plate–plate (steel
late, 4 cm diameter) geometry, 0.05 mm gap at 20 ◦C. Solu-
ions were sheared at 2 Pa for 1 min. Shear rate was increased
nd decreased at constant acceleration from 0 to 1000 s−1 (up
urve) and from 1000 to 0 s−1 (down curve) (Hino and Ford,
001).

.8. Cloud point

Cloud point is the temperature at which the light transmission
f a gel is reduced by 50% of the initial value (Sarkar, 1979). Four
amples of gel at different hypromellose concentrations (0.5, 1,
.5, 2%) were prepared using both 0 and 40% ethanol media
s reported in Section 2.7. After 48–64 h refrigeration, the sam-
les were placed in a water bath (Clifton, Nickel-Electro Ltd.,
K) and temperature was gradually increased. At 5 ◦C intervals

or 2 ◦C intervals when approaching the cloud point) sample

ransmittance was measured spectrophotometrically at 800 nm
Genesys 6, Thermo Electron Corporation) using an empty glass
uvette as a blank and a 0% hypromellose medium as control
Mitchell et al., 1990).

able 1
he effect of ethanol concentration on the release exponent and regression coef-
cient from analysis of the release of aspirin from hypromellose matrices

Ethanol

0% 10% 20% 30% 40%

0.9158 1.0880 0.9026 0.9051 0.5851
2 0.9996 0.9987 0.9990 0.9966 0.9983

able 2
he effect of ethanol concentration on the solubility of aspirin in hydro-ethanolic
issolution media

Ethanol

0% 10% 20% 30% 40%

spirin solubility (mg ml−1) 8.4 13.3 23.4 26.2 47.5

F
a
i

promellose matrices in various hydro-ethanolic dissolution media.

. Results and discussion
ig. 3. The effect of ethanol concentration on the solubility of aspirin solubility
nd percent aspirin released (180 and 300 min data) from hypromellose matrices
n various hydro-ethanolic media.
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ig. 4. The effect of ethanol concentration on the percent normalised size incre
n = 2).

ng 40% ethanol, profiles suggested near-zero order release.
elease rates were proportional to the ethanol levels in the
edium, although no dose dumping was evident. Release pro-
les in the 40% ethanol medium were characterised by an initial
apid release with rate progressively reducing over time, suggest-
ng that a diffusion controlled release mechanism predominated.
he high standard deviation for the 40% ethanol data could be

ndicative of non-uniform gel layer generation causing incon-
istency in release.

Analysis of the release data using Eq. (1) is shown in Table 1.
ata confirm the previous impression that release in 40% ethanol
edia was different from release in the other media. The release
echanism, denoted by the lower n value, appears to be depen-

ent on both diffusion and erosion, while in all other media the
igher n values indicate that an erosion mechanism is dominant

Ford et al., 1991).

The release rate in the various media (Fig. 2) was calculated
rom the average curves displayed in Fig. 1. Results indicate a
imilar trend for all media after 90 min, although the rates were

2
e
t
l

Fig. 5. The effect of time on the axial swelling rate (% min−1) of hyp
adial and axial) for hypromellose–aspirin matrices in 0 and 40% ethanol media

ifferent (particularly for the 40% ethanol medium). Marked
ifferences occur during the first 30 min when the release in
0% ethanol medium was much higher, although this could not
e equated to dose dumping.

.2. Drug solubility

The solubility of aspirin measured in each of the five dissolu-
ion media are shown in Table 2. The most interesting aspect is
he similarity between the solubility and the percentage of drug
eleased, as shown in Fig. 3. The solubility of the drug in the
edia appears to account for the different release behaviours

bserved during the dissolution testing. However, this does not
ignify a diffusion controlled mechanism, since both diffusion
nd erosion are dependent on drug solubility (Bettini et al.,

001). Therefore, the initial rapid release observed in the 40%
thanol medium suggests that some other factor, together with
he solubility, influences the release of aspirin from hypromel-
ose matrices in the first 30 min.

romellose–aspirin matrices in 0 and 40% ethanol media (n = 2).
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Fig. 6. The effect of time on the swelling of hypromellose–aspirin matrices at various time points in 0 and 40% ethanol media.
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.3. Compact swelling

Image analysis during hypromellose–aspirin matrix and
ypromellose tablet swelling showed increases in both axial and
adial dimensions. Percent normalised size increase was calcu-
ated as the axial or radial length increase with respect to the
nitial value (being the value measured at time 0 in the medium
nd not that determined prior to adding the medium to avoid
rrors generated by the “liquid lens” effect). Swelling rate was
lso calculated from the percent normalised size increase.

Results (Fig. 4.) show differences in swelling behaviour, with
atrix swelling in 0% ethanol medium characterised by a greater

ize increase in both radial and axial directions. Consistent with
ther findings, axial swelling was greater than radial (Mitchell et
l., 1990; Rajabi-Siahboomi et al., 1994; Colombo et al., 1990).
rom the swelling rates (Fig. 5) it is evident that the major
istinction between the two media is during the first 20 min.
hese results indicate a variation in the interaction between
edia and tablets in the initial period of contact, which may

e due to a different medium penetration speed. Such behaviour
ay depend on a slower initial interaction between the ethanol

nd hypromellose and could account for the initial rapid release
bserved during dissolution. After the initial period, the pos-
ible formation of a less porous and stronger gel layer, which
imits the medium uptake, could increase the diffusion pathway
nd also decrease gel erosion. The images (presented as nega-
ives) in Fig. 6 support this theory, where the different swelling
ehaviour is evident and it is possible to observe the border
etween medium and tablet. In the 40% ethanol medium this
oundary became more difficult to differentiate after 75 min
picture not shown), whilst in the 0% ethanol medium, this
ccurred after 25 min. After 1 h in the 0% ethanol medium
t became difficult to accurately measure the tablet size due

o the visual absence of a well-defined tablet–medium bound-
ry. This observation suggests that for the 0% ethanol medium,
fter 1 h in static conditions, the superficial gel layer has a low
olymer concentration and low viscosity, probably with a high

σ

I
s

ig. 7. The effect of time on the axial percent normalised size increase for hyprom
n = 2).
f Pharmaceutics 332 (2007) 31–37

rosion rate, which concurs with the power law analysis of drug
elease.

The comparison of percent axial expansion for hypro-
ellose–aspirin matrices and hypromellose tablets is shown in
ig. 7. Results show very small differences between the two
ets of tablets. Only in the 40% ethanol medium there is a slight
ncrease on the axial expansion. However, the radial expansion
esults (results not shown), exhibited results with the opposite
rend (a similar curve for the 40% ethanol medium and slight
ifferences for the 0% ethanol medium) confirming the triv-
ality of the variation. As observed in the aspirin tablets, the
xial swelling is also greater than radial for the100% hypromel-
ose tablets. These results suggest that for hypromellose–aspirin

atrices with hypromellose concentrations ≥50%, swelling
roperties are controlled by the polymer and the dissolution
edium. These results are consistent with those by Vargas and
haly (1999), where the authors reported the release profile of

heophylline to be independent of the diluent type for hypromel-
ose K4M concentrations above 30–40%. However, Vargas and
haly (1999) did not specify the reason for this observation.

t is likely that the 30% hypromellose content represents the
hreshold over which swelling, and thus the release mechanism,
epends only on the polymer.

.4. Viscosity

The polymeric dispersion curves (not shown) were shear rate
ependent and exhibited pseudoplastic behaviour, as previously
eported (Dow commercial information, 2002). The viscosity
urves were analysed (Rheology Advantage Data Analysis Soft-
are, TA Instruments Ltd.) using a power law model (Eq. (2))

uitable for pseudoplastic behaviour.
= aγm (2)

n the power law equation (Bonacucina et al., 2004), σ is the
hear stress, γ the shear rate, a the constant related to the

ellose–aspirin matrices and hypromellose tablets in 0 and 40% ethanol media
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ig. 8. The effect of ethanol concentration in media on hypromellose gel vis-
osity determined using the power law model (n = 5 ± S.D.).

iscosity and m is related to the flow patterns. m values >1, =1
nd <1 denote dilatant, Newtonian and pseudoplastic behaviour,
espectively. From these results the pseudoplastic behaviour of
he dispersion was confirmed (highest m value, obtained for the
% ethanol samples, was 0.519) and the trend of the viscos-
ty, measured at low shear rate values, increased as the percent
thanol increased (Fig. 8). The viscosity data indicate that a
tronger gel layer forms as a result of the increase in percent
thanol in the media.

.5. Cloud point

Cloud point values for the 0% ethanol medium were cal-
ulated from linear regression of the last three points of the
urve (Fig. 9), which displays a slight decrease in cloud point
s the percent polymer increased (values of 75.1, 72.3, 71.7 and
1.2 ◦C for 0.5, 1, 1.5 and 2% hypromellose, respectively). The
esults agree with previous tests performed with Methocel K4M
Mitchell et al., 1993). The 40% ethanol sample did not display
cloud point (data not shown), with the cuvette remaining clear

◦
ntil the boiling point of the polymeric dispersion (∼78–80 C)
as reached. These results suggest a protective effect of the

thanol on the polymer hydration, similar to the salting in effect
bserved for other substances (e.g. aminophylline or propra-

ig. 9. The effect of the temperature on the percent transmittance of various
ypromellose dispersions in the 0% ethanol medium. (No change in light trans-
ission was observed for the 0% hypromellose sample—curve not shown).
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olol hydrochloride, Mitchell et al., 1990). The interactions of
he polymer solvated by ethanol are greater than the interactions
f water and the polymer due to hydrogen bonding and van der
aals forces between the polymer and ethanol.

. Conclusions

These studies have shown that hydro-ethanolic media can
ffect the kinetics and mechanism of drug release from matrix-
ased controlled release formulations in a manner related to
he ethanol content. In these studies release enhancement could
ave been caused by increased drug solubility in the dissolution
edium but the initial rapid release observed in the first 30 min
ay be due to the polymer–alcohol interaction. Image analysis

f the matrix swelling behaviour supported the theory that the
thanol interaction with hypromellose, particularly in the initial
eriod of contact, was crucial in drug release but did not result
n a dose-dumping effect.

eferences

ettini, R., Catellani, P.L., Santi, P., Massimo, G., Peppas, N.A., Colombo, P.,
2001. Translocation of drug particles in HPMC matrix gel layer: effect of
the drug solubility and influence on release rate. J. Control. Release 70,
383–391.

onacucina, G., Martelli, S., Palmieri, G.F., 2004. Rheological, mucoadhesive
and release properties of Carbopol gels in hydrophilic cosolvents. Int. J.
Pharm. 282, 115–130.

olombo, P., Conte, U., Gazzaniga, A., Maggi, L., Sangalli, M.E., Peppas, N.A.,
La Manna, A., 1990. Drug release modulation by physical restrictions on
matrix swelling. Int. J. Pharm. 63, 43–48.

ow commercial information, 2002. Using Methocel Cellulose Ethers for Con-
trolled Release of Drugs in Hydrophilic Matrix Systems. The Dow Chemical
Company, USA, pp. 1–34.

ord, J.L., Mitchell, K., Rowe, P., Armstrong, D.J., Elliott, P.N.C., Rostron, C.,
Hogan, J.E., 1991. Mathematical modelling of drug release from hydrox-
ypropylmethylcellulose matrices: effect of temperature. Int. J. Pharm. 71,
95–104.

ino, T., Ford, J.L., 2001. Effect of nicotinamide on the properties of aqueous
HPMC solutions. Int. J. Pharm. 226, 53–60.

i, C.L., Martini, L.G., Ford, J.L., Roberts, M., 2005. The use of hypromellose
in oral drug delivery. J. Pharm. Pharmacol. 57, 533–546.

itchell, K., Ford, J.L., Armstrong, D.J., Elliott, P.N.C., Rostron, C., Hogan,
J.E., 1990. The influence of additives on the cloud point, disintegration and
dissolution of hydroxypropylmethylcellulose gels and matrix tablets. Int. J.
Pharm. 66, 233–242.

itchell, K., Ford, J.L., Armstrong, D.J., Elliott, P.N.C., Hogan, J.E., Rostron,
C., 1993. The influence of substitution type on the performance of methylcel-
lulose and hydroxypropylmethylcellulose in gels and matrices. Int. J. Pharm.
100, 143–154.

erukar, J., Jun, H.W., Price, J.C., Park, M.O., 2005. Controlled release matrix
tablets of ibuprofen using cellulose ethers and carageenans: effect of formu-
lation factors on dissolution rates. Eur. J. Pharm. Biopharm. 61, 56–68.

ajabi-Siahboomi, A.R., Bowtell, R.W., Mansfield, P., Henderson, A., Davies,
M.C., Melia, C.D., 1994. Structure and behaviour of hydrophilic matrix
sustained release dosage forms. 2: NMR imaging studies of dimensional
changes in the gel layer and in the core of HPMC tablets undergoing hydrata-
tion. J. Control. Release 31, 121–128.

arkar, N., 1979. Thermal gelation properties of methyl and hydroxypropyl-

methylcellulose. J. Appl. Polym. Sci. 24, 1073–1087.

.S. Food and Drug Administration alert for healthcare professionals 2005.
Alcohol–PalladoneTM interaction.

argas, C.I., Ghaly, E.S., 1999. Kinetic release of theophylline from hydrophilic
swellable matrices. Drug Dev. Ind. Pharm. 25, 1045–1050.


	Influence of ethanol on aspirin release from hypromellose matrices
	Introduction
	Materials and methods
	Materials
	Formulation and tablet compaction
	Dissolution testing
	Data analysis
	Drug solubility
	Compact swelling
	Viscosity
	Cloud point

	Results and discussion
	Drug release
	Drug solubility
	Compact swelling
	Viscosity
	Cloud point

	Conclusions
	References


