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Hydrophilic matrices are widely used for extended release
drug delivery, with hypromellose (HPMC) being a popular rate-
controlling carrier. The FDA has recently issued an alert regard-
ing the potential negative influence of alcohol on extended release
dosage forms.

The aim of this study was to investigate the hydroalcoholic
solution effect on hydration, gel formation and drug release from
HPMC matrices. None of the investigated matrix formulations
(felodipine, gliclazide, and metformin hydrochloride) resulted in
dose-dumping when exposed to ethanol solutions.

HPMC compacts made of three different viscosity grades of
Methocel showed consistent swelling and gel formation when
exposed to hydroalcoholic media.

Keywords hydroalcoholic; hypromellose; extended release; felo-
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INTRODUCTION
Hydrophilic matrix systems are a popular and widely used

approach to achieve extended drug release. Hypromellose
[hydroxypropyl methylcellulose (HPMC)] is typically the
polymer of choice for the rate-controlling carrier in these sys-
tems because of its safety, availability, global compliance, and
physicochemical/mechanical characteristics (Colombo et al.,
2000; IMS data, 2002; Li et al., 2005; Longer & Robinson,
1990; Rajabi-Siahboomi & Jordan, 2000).

HPMC in the matrix hydrates rapidly on contact with the
aqueous media to form a gelatinous layer on the surface of the
tablet. Soluble drugs are released primarily by diffusion
through the gel layer, whereas drugs with low solubility are
released primarily by gel erosion. Typically, however, drug
release occurs by a combination of these two mechanisms
(Siepmann & Peppas, 2001; Velasco et al., 1999). Rapid poly-

mer hydration and uniform gel formation are critical to the
integrity and subsequent performance of hypromellose matrix
systems.

Drug release rate from HPMC extended release (ER) tablets
is dependent upon factors such as polymer type and level; drug
solubility and dose; polymer/drug ratio; filler type and level;
polymer/filler ratio; particle size of drug and polymer; porosity
and shape of the matrix (Bettini et al., 1994; Campos-Aldrete &
Villafuerte-Robles, 1997; Ford et al., 1985, 1987; Lapidus &
Lordi, 1968; Li et al., 2005; Rodriguez et al., 2000). Drug
release rate may also be significantly affected by the medium to
which the matrix is exposed to upon ingestion, i.e. pH, electro-
lytes, surfactants, enzymes (Alderman, 1984; Doherty et al.,
1991; Johnson et al., 1993; Mitchell et al., 1990; Pagay, 1988;
Rajabi-Siahboomi et al., 1994; Sheu et al., 1992; Wilder et al.,
1991). The influence of hydro-alcoholic media on hypromellose
matrices, for cases when the dosage may be taken with, shortly
before or after an alcoholic drink has not been fully investigated.

In July 2005 the FDA issued an alert for healthcare profes-
sionals regarding an alcohol-Palladone™ interaction. When
ingested with alcohol the peak plasma concentration of hydro-
morphone increased to potentially lethal levels due to break-
down of the ER formulation. Since this alert, there have been
some reports of the influence of hydro-alcoholic media on the
performance of solid oral modified release systems. Koziara
et al. (2006) claimed an increased permeability, elasticity and
swelling of cellulose acetate semi-permeable membranes used
for osmotic drug delivery in 0–60% ethanol solutions.
Although, a slight increase in drug release from OROS® sys-
tems was recorded, no dose-dumping effect was observed.
Roberts et al. (2006) studied the influence of alcohol on the
release of aspirin from HPMC matrix tablets. They found that
ethanol affects kinetics and mechanism of aspirin release, but
does not result in a dose-dumping effect.

The objective of this study was to investigate the influence of
hydro-alcoholic solutions on the hydration, swelling and gel for-
mation of HPMC compacts and drug release from their matrices.
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MATERIALS AND METHODS

Formulation and Preparation of HPMC Matrix Tablets
The influence of hydro-alcoholic media on hypromellose

matrix formulations of three different candidate drugs: felo-
dipine, gliclazide and metformin hydrochloride (HCl) was
investigated. Table 1 shows the solubility of these drugs in
water and alcohol.

Hypromellose matrix (12-h release) formulations were
developed as suggested by the HyperStart® (Levina et al.,
2006) formulation service, and are shown in Tables 2–4.

All formulations, batch size 500 g, were prepared using a
three-dimensional shaker-mixer (Turbula, Model 2T,
Bachoffen).

Felodipine, one-half of the lactose, and the fumed silica
were blended for 5 min. This blend was then screened through
a 500 μm (35 mesh) sieve, returned to the mixer with the
HPMC and the remaining lactose, and blended for an addi-
tional 5 min.

For gliclazide and metformin HCl blends, microcrystalline
cellulose (MCC) and fumed silica were screened through a 500
μm sieve. All ingredients (except for the magnesium stearate)
were then blended for 5 min.

For all three blends, magnesium stearate was added last and
the formulations were mixed for a further 1 min.

Tablets were manufactured using an instrumented 10 station
rotary tablet press (Piccola, Riva, Argentina) running at 20
rpm.

Felodipine tablets were compressed at 20 kN using 7 mm
normal concave tooling to a breaking force of 31.4 ± 0.4 kp.
Gliclazide matrices (9.2 ± 1.0 kp) were produced using 7 mm
normal concave tooling at 10 kN compression force. Met-
formin HCl tablets (10.3 ± 0.7 kp) were manufactured using
7×18 mm caplet tooling at 20 kN compression force.

TABLE 1 
Drug Solubility in Water and Alcohol (Martindale, 1999)

Active
Solubility 
in Water

Solubility 
in Alcohol

Felodipine Practically insoluble “freely soluble in 
absolute alcohol, 
in methyl alcohol”

Gliclazide Practically insoluble “slightly soluble 
in alcohol”

Metformin HCl Freely soluble “slightly soluble 
in alcohol”

TABLE 2 
Felodipine 5 mg HPMC ER Formulation 

Suggested by HyperStart

Material Supplier % w/w mg/tablet

Felodipine Spodefell, UK 2.5 5
HPMC (Methocel® 

K100LV CR)
Colorcon Ltd, UK 37.0 74

Lactose (Fast Flo®) Foremost 
Farms, USA

59.5 119

Fumed silica 
(Aerosil® 200)

Degussa, France 0.5 1

Magnesium stearate Peter Greven, UK 0.5 1
Total 100.0 200

TABLE 3 
Gliclazide 30 mg HPMC ER Formulation 

Suggested by HyperStart

Material Supplier
% 

w/w mg/tablet

Gliclazide Synergy 
Enterprises, India

15.0 30

HPMC 
(Methocel® 
K100LV CR)

Colorcon Ltd, UK 35.0 70

Microcrystalline 
cellulose 
(Avicel® PH102)

FMC, Ireland 49.0 98

Fumed silica 
(Aerosil® 200)

Degussa, France 0.5 1

Magnesium stearate Peter Greven, UK 0.5 1
Total 100.0 200

TABLE 4 
Metformin HCl 500 mg HPMC ER Formulation 

Suggested by HyperStart

Material Supplier % w/w mg/tablet

Metformin HCl Ferico Labs, India 50.0 500
HPMC (Methocel® 

K100M CR)
Colorcon Ltd, UK 30.0 300

Microcrystalline 
cellulose 
(Avicel® PH102)

FMC, Ireland 19.0 190

Fumed silica 
(Aerosil® 200)

Degussa, France 0.5 5

Magnesium stearate Peter Greven, UK 0.5 5
Total 100.0 1000
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Dissolution Studies
Dissolution testing was performed in a USP compliant dis-

solution bath (Sotax) using Apparatus II (paddle method),
small (8×23 mm) sinkers (Sotax); at 100 rpm and 37.0 ±
0.5°C. A dual beam spectrophotometer (Perkin Elmer) fitted
with 10 mm (for felodipine), 5 mm (for gliclazide), and 0.01
mm (for metformin HCl) glass cells was used for the UV drug
detection. Testing was performed over a 12 h time period using
an automated sampling device.

For felodipine, the dissolution medium was 500 ml of pH
6.5, 0.1M phosphate buffer and 1% w/v sodium lauryl sulphate
(SLS), according to the USP methodology <724>. The amount
of felodipine released in the media was measured at a UV
wavelength of 362 nm.

For gliclazide, the dissolution medium was 900 ml of puri-
fied water. The absorbance readings were taken at 226 and 290
nm. The absorbance value at 290 nm was then subtracted from
the value at 226 nm.

For metformin HCl, the dissolution medium was 1000 ml of
purified water. The amount of drug present was measured at a
wavelength of 233 nm.

For all three formulations, additional dissolution testing was
performed in 5% or 40% v/v ethanol (USP/BP, Hayman Ltd)
solutions for either 1 or 12 h using paddles at 100 rpm and
sinkers (Table 5).

Tablets tested for only 1 h in alcohol were transferred
together with sinkers to the relevant non-alcoholic medium and
dissolution testing continued for an additional 11 h as
described above.

The dissolution results were compared to the drug release in
non-hydro-alcoholic media using the f2 factor (Federal Regis-
ter, 1995; Moore & Flanner, 1996). An f2 value between 50 and
100 indicates that the two dissolution profiles are similar.

To investigate the mechanism of drug release in various
media, the release data of the drugs between 5 and 60% were
fitted to Eq. (1):

where Q is the percentage drug released at time t, k is a kinetic
constant incorporating structural and geometric characteristics
of the tablet and n is the release exponent indicative of the drug
release mechanism.

Values of n approximating 0.5 indicate predominantly dif-
fusion control and values approximating 1.0 correspond to
zero-order release.

Preparation and Testing of HPMC Compacts
Discs of 10 mm diameter (300 mg) HPMC compacts were

prepared from Methocel® K100LV CR, K4M CR, and
K100M CR using a typical hydraulic IR hand press (Thermo
Spectronic).

The influence of media composition on the swelling and
erosion properties of the above Methocel compacts was deter-
mined using a modified version of the method described by
Tahara et al. (1995) and Kavanagh & Corrigan (2004). In this
method the wet weights of the hydrated HPMC compacts were
measured. Testing was conducted in a USP-compliant dissolu-
tion bath (Erweka) using Apparatus II (paddle method) in 900
ml of dissolution media at 100 rpm with sinkers. The media
were ethanol (dehydrated ethanol USP/EP, Ineos Enterprises)
and purified water mixtures in the following ratios: 0:100,
25:75, and 50:50 v/v at 37.0 ± 0.5°C.

The HPMC compacts were exposed to the dissolution
media for 15, 30, 60, and 120 min, and then each compact was
removed into a pre-weighed plastic container. The excess
media was drained and blotted from around the disc without
touching it. The compact and the container were weighed and
then the wet weight of each compact was established. Each
determination at each time point was performed in triplicate,
and average and standard deviation values were calculated.

The relative swelling of the compacts, calculated, as the
ratio of the wet weight to the initial weight was determined, as
an indication of the extent of matrix swelling.

TABLE 5 
Summary of the Dissolution Tests Performed

Felodipine Gliclazide Metformin HCl

No exposure to 
alcoholic media

Phosphate buffer with 1% w/v SLS Purified water Purified water

Long (12 h) exposure to 
hydro-alcoholic media

5% or 40% v/v solution of ethanol in 
phosphate buffer with 1% w/v SLS

5% or 40% v/v aqueous 
solutions of ethanol

5% or 40% v/v aqueous 
solutions of ethanol

Short (1 h) exposure to 
hydro-alcoholic media

1 h in 5% or 40% v/v aqueous 
solutions of ethanol; then 11 h 
in phosphate buffer with 
1% w/v SLS

1 h in 5% or 40% v/v 
aqueous solutions of 
ethanol; then 11 h 
in purified water

1 h in 5% or 40% v/v 
aqueous solutions of 
ethanol; then 11 h in 
purified water

Q ktn= Relative swelling = W Ww i/
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where Ww is the wet weight of the compact at time t and Wi the
initial weight of the compact.

Saturated Solubility Measurement for the Candidate 
Drugs

The saturated solubility of each drug was determined by
dispersing an excess amount of the drug in a beaker of purified
water, 5 or 40% v/v ethanol at 37°C. The dispersions were
stirred at 300 rpm and samples of the supernatant were with-
drawn at 12 and 24 h for analysis. Drug concentrations were
measured by UV absorbance, as described above, and the mean
values of triplicate samples were calculated.

RESULTS AND DISCUSSION

The Effect of Hydro-Alcoholic Media on Drug Release 
from HPMC ER Matrices

Dissolution profiles of drug formulations in the presence of
0, 5 or 40% v/v of ethanol are shown in Figures 1–3. For all
three-drug formulations, even extreme exposure to the hydro-
alcoholic media for up to 12 h did not result in a failure of the
HPMC matrices. The differences observed in drug release pro-
files in different media may be due to changes in drug solubil-
ity in the respective media (Tables 1 and 6).

Drug release from felodipine ER formulation in 5 and
40% v/v ethanol showed higher variability compared to water
medium as indicated by an increase in standard deviation
values from less than 2.50 in both volume ratios to up to 6.75
and 6.87, respectively (Figure 1). Although the solubility of
felodipine increased up to 5-fold in 40% v/v ethanol, drug
release profiles remained similar with f2 values greater than
50 (Table 7).

Similar to felodipine formulation, gliclazide ER dissolution
data also indicated some increase in standard deviation values
from up to 4.36 (in water) to a maximum of 6.12 (in 5% v/v
ethanol) and to a maximum of 7.14 (in 40% v/v ethanol)
(Figure 2). However, despite increased solubility of gliclazide
in hydro-alcoholic media (11-fold in 40% v/v ethanol, Table
6), drug release profiles remained similar to that in water with
f2 values greater than 50 (Table 7).

Metformin HCl solubility decreased from 450 g/L in water
to 379 g/L in 5% v/v ethanol and to 295 g/L in 40% v/v ethanol
solution. This progressive reduction in solubility of the drug in
the presence of 5 or 40% v/v ethanol in the media is clearly
observed in the release profiles shown in Figure 3.

Although there is a slight change in dissolution of met-
formin HCl ER formulation in 5% v/v ethanol compared to the
water medium, the f2 metrics value (Table 7) of 68 showed
similarity of release profiles. On the other hand an f2 value of
44 for the drug release in 40% v/v ethanol and water confirmed
that these profiles are not similar.

Alcohol is rapidly absorbed from the gastro-intestinal tract
(GIT) and is distributed throughout the body fluids (Martin-
dale, 1999). The rate of absorption of alcohol from the GIT
may be modified by factors such as presence of food, concen-
tration of alcohol, and period of time during which it is
ingested. It is unlikely, however, for any tablet taken with alco-
hol (or shortly before or after an alcoholic drink) to have a pro-
longed exposure, i.e., 12 h to the alcoholic solution in the GIT.

Therefore, in order to assess the behaviour of HPMC matri-
ces under GIT relevant conditions, the HPMC ER formulations
were exposed to the ethanol solutions only for 1 h before they
were transferred to non-alcoholic media as outlined in Table 5.
Figures 4 and 5 show drug release profiles from felodipine and
gliclazide ER formulations, respectively when exposed to 5%
or 40% v/v ethanol followed by non-alcoholic media.

FIGURE 1. Felodipine 5 mg release profiles from HPMC ER matrices in the media containing 0, 5 or 40% v/v ethanol (n=3).
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FIGURE 2. Gliclazide 30 mg release profiles from HPMC ER matrices in the media containing 0, 5 or 40% v/v ethanol (n = 3).
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FIGURE 3. Metformin HCl 500 mg release profiles from HPMC ER matrices in the media containing 0, 5 or 40% v/v ethanol (n = 3).
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TABLE 6 
Saturated Solubility of the Candidate Drugs 

in Various Media (g/L)

Felodipine Gliclazide
Metformin 

HCl

Water 0.002 0.045 450.413
5% v/v ethanol in water 0.005 0.054 378.647
40% v/v ethanol in water 2.490 0.503 295.466
pH 6.5 phosphate 

buffer+1% SLS
0.811 − −

5% v/v ethanol in 
phosphate buffer+1% SLS

0.721 − −

40% v/v ethanol in 
phosphate buffer+1% SLS

4.374 − −

TABLE 7 
f2 Values for Drug Release Profiles from HPMC Matrices in 
Hydro-alcoholic Media Compared to When They were not 

Exposed to Ethanol Solutions

5% v/v 
Ethanol

40% v/v 
Ethanol

Duration of Exposure to 
Alcohol Containing Media 12 h 1 h 12 h 1 h

Felodipine formulation 71 76 63 63
Gliclazide formulation 80 65 79 55
Metformin HCl 

formulation
68 86 44 54
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The solubility of felodipine is markedly dependent on the
dissolution media used (Table 6). Saturated solubility of the
drug in pH 6.5 phosphate buffer containing 1% w/v SLS is
0.811 g/L and 2.49 g/L in 40% v/v ethanol solution, respec-
tively. The f2 values for felodipine release profiles from tablets
exposed for 1 h to 5 and 40% v/v ethanol solutions, as com-
pared to the release in non-alcoholic medium, were found to be
76 and 63, respectively (Table 7). These indicate similarity.

It was also found that there is an increase in drug release
variability for tablets exposed to the hydro-alcoholic media.
Standard deviation increased from up to 2.6% (no exposure to
alcohol) to 4.7% (exposure to 5% v/v alcohol) and to 12.0%
(exposure to 40% v/v alcohol), respectively.

The solubility of gliclazide is also dependent on the dissolu-
tion media used (Table 6). For gliclazide ER matrices, when
subjected to hydro-alcoholic media for 1 h, a slight change in
the drug release can be attributed to the change in drug solubil-
ity from practically insoluble in water to slightly soluble in
alcohol. The f2 values for gliclazide release profiles from tab-
lets exposed for 1 h to 5% and 40% v/v ethanol solutions, as
compared to the release in water, were found to be 65 and 55,
respectively (Table 7) indicating similarity.

The effect of 1 h exposure to hydro-alcoholic media on met-
formin HCl ER matrices is presented in Figure 6. The f2 values
for the drug release profiles from the tablets exposed for 1 h to
5 and 40% v/v ethanol solutions, as compared to the release in

FIGURE 4. The effect of 1 h exposure of HPMC ER matrices to the media containing 0, 5 or 40% v/v ethanol on felodipine 5 mg release profiles (n = 3).
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FIGURE 5. The effect of 1 h exposure of HPMC ER matrices to the media containing 0, 5 or 40% v/v ethanol on gliclazide 30 mg release profiles (n = 3).
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water, were found to be 86 and 54, respectively (Table 7).
These data indicate similarity of the release profiles in water
and hydro-alcoholic media despite the reduced solubility of
metformin HCl in ethanol solutions (Table 6).

The values of the kinetic constant (k), the release exponent
(n), and correlation coefficient (R2) determined from the drug
release data are presented in Table 8.

For matrix tablets, an n value of near 0.5 indicates a diffu-
sion control and an n value of near 1.0 indicates an erosion or
relaxation control mechanism of drug release (Espinoza et al.,
2000; Ford et al., 1991). Intermediate values suggest that diffu-
sion and erosion contribute to the overall release mechanism.

The values of n and k are inversely related, i.e., it can be
expected that with a decrease in n value, k value is expected to
increase (Ebube et al., 1997). A very high k value may suggest
a burst drug release from the matrix.

Felodipine is practically insoluble in water; therefore its
release in non-alcoholic medium is predominantly controlled
by erosion with n value equal to 1.14. Value of n decreases
only slightly after 1 h exposure to 5% v/v (n = 1.09) and 40%
v/v (n = 0.90) ethanol solutions. An increase in k value from
9.68 (in non-alcoholic medium) to 14.59 (in 40% v/v ethanol)
indicates an initial increase in drug release from the matrix.

Gliclazide is practically insoluble in water and slightly solu-
ble in alcohol. For these matrices drug is predominantly
released by erosion under all three testing conditions. This is
confirmed by n values of near 1.0. Gliclazide matrix tablets
produced slightly lower n and higher k values in hydro-alco-
holic media compared to the values obtained in water. This
indicates that the rate of drug release is slightly faster in etha-
nol solutions compared to the water medium.

For metformin HCl ER tablets, n values between 0.69 and
0.87 suggest that diffusion and erosion contribute to the overall
drug release mechanism. Metformin HCl solubility changes
from freely soluble in water to slightly soluble in alcohol
resulting in a greater erosion contribution to the drug release
from the tested matrices. This is reflected in n values increase
from 0.69 in water to 0.74 and 0.87 from the tablets exposed to
5 and 40% v/v ethanol solutions, respectively.

With the values of n and k being inversely related, k values
change slightly from 28.76 in water to 27.66 and 20.08 from
the tablets exposed to 5 and 40% v/v ethanol solutions, respec-
tively. This implies that the rate of drug release from the met-
formin HCl formulation is slightly slower in 40% ethanol
solution compared to the dissolution in water.

When evaluating the effect of hydro-alcoholic solutions on
the drug release from HPMC matrices, it is important to take
into account other than the drug solubility change factors, i.e.,
differences in the solubility of matrix ingredients in various
media.

FIGURE 6. The influence of 1 h exposure of HPMC ER matrices to the media containing 0, 5 or 40% v/v ethanol on metformin HCl 500 mg release profiles
(n = 3).
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TABLE 8 
Values of the Kinetic Constant (k), Diffusional Exponent (n) 
Derived from Eq. (1) and Correlation Coefficients (R2), for 

HPMC Matrices in Various Media

Drug
Dissolution Testing 

Conditions k n R2

Felodipine No exposure to alcohol 9.68 1.14 0.999
1 h in 5% v/v ethanol 11.05 1.09 0.985
1 h in 40% v/v ethanol 14.59 0.90 0.998

Gliclazide No exposure to alcohol 8.41 1.30 0.989
1 h in 5% v/v ethanol 10.66 1.05 0.991
1 h in 40% v/v ethanol 10.26 1.17 0.976

Metformin HCl No exposure to alcohol 28.76 0.69 0.999
1 h in 5% v/v ethanol 27.66 0.74 0.994
1 h in 40% v/v ethanol 20.08 0.87 0.998
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The most commonly used fillers in hypromellose matrices
are microcrystalline cellulose (MCC), lactose, pregelatinized
starch (PGS), and dibasic calcium phosphate dihydrate
(DCPD). Table 9 summarises solubility data for these materi-
als in various media. The effect of hydro-alcoholic media
exposure on tablets with different fillers will probably increase
in the following order: MCC or DCPD - > PGS - > lactose.  

The Effect of Hydro-Alcoholic Media on Swelling of 
HPMC Compacts

It was observed that in water and hydro-alcoholic solutions
all compacts underwent swelling and gelation without any dis-
ruption to the matrix integrity.

The change in wet weight with time for compacts made of
polymers with three different viscosity grades is summarized
in Figure 7 and Table 10. The study shows a similar progres-
sive weight gain by compacts in water and hydro-alcoholic
media with time.

Relative swelling of the compacts in various media is
shown in Table 11. It was found that the extent of swelling

increased with increasing viscosity grade of HPMC from 100
to 4000 cps. However, no significant difference in compact rel-
ative swelling was observed for Methocel K4M CR and
K100M CR.

CONCLUSIONS
Extended release HPMC tablets of felodipine 5 mg, gli-

clazide 30 mg, and metformin HCl 500 mg retained their
hydrated structural integrity when exposed to 5 and 40% v/v
ethanol solutions for up to 12 h without any failure of the
matrices resulting in dose-dumping. Drug release profiles from
these ER tablets were different when exposed to 0, 5, and 40%
v/v ethanol solutions, respectively, for 12 h that were explained
by changes in drug solubility in the various media. However,
when the matrices were exposed to hydro-alcoholic media for
only 1 h the change in drug release profiles was not significant.

During testing of HPMC compacts made from polymers of
three different viscosity grades (Methocel K100LV CR, K4M
CR, and K100M CR), it was shown that in water and hydro-
alcoholic solutions, all compacts underwent swelling and

TABLE 9 
Solubility of Tableting Fillers in Various Media (Handbook of Pharmaceutical Excipients, 2003)

Filler Solubility in Water Solubility in Alcohol

MCC Practically insoluble Practically insoluble in most organic solvents
Lactose 1 in 4.63 Practically insoluble in ethanol
PGS Slightly soluble 

to soluble
Practically insoluble in organic solvents

DCPD Practically insoluble Practically insoluble in ethanol

FIGURE 7. Effect of hydro-alcoholic media containing 0, 5 or 40% v/v ethanol on wet weight of Methocel (K100LV CR, K4M CR and K100M CR) compacts
(n = 3).
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gelation without any disruption to the matrix integrity. The
compact wet weight appeared to be similar in water and aque-
ous ethanol solutions for the Methocel grades studied. The
extent of their relative swelling was found to increase with
increasing viscosity of HPMC from 100 to 4000 cps. No sig-
nificant difference in compact swelling was observed for
Methocel K4M CR and K100M CR.
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