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Dibasic Calcium Phosphate Ratio on the Release Rate of a Water-Soluble
Drug Through the Gastrointestinal Tract I. In Vitro Tests
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Abstract. Different hydroxypropyl methylcellulose (HPMC)/anhydrous dibasic calcium phosphate
(ADCP) matrix tablets have been developed aiming to evaluate the influence of both components ratio
in the control release of a water-soluble drug (theophylline). In order to characterise the matrix tablets,
swelling, buoyancy and dissolution studies have been carried out in different aqueous media (demineral-
ised water, progressive pH medium, simulated gastric fluid, simulated intestinal fluid and simulated
colonic fluid). The HPMC/ADCP ratio has turned out to be the determinant in the matrix behaviour:
the HPMC characteristic swelling behaviour was modulated, in some cases, by the ADCP characteristic
acidic dissolution. When the HPMC/ADCP ratio was ≥0.69, buoyancy, continuous swelling and low
theophylline dissolution rate from the matrices (H1, H2 and H3) were observed in all dissolution media.
Consequently, these formulations could be adequate as gastro-retentive drug delivery systems. Addition-
ally, HPMC/ADCP ratio ≤0.11 (H5 and H6) induces a pH-dependent drug release which could be applied
to design control drug release enteric formulations (with a suitable enteric coating). Finally, a HPMC/
ADCP ratio between 0.11 and 0.69 (H4) yield a gastrointestinal controlled drug release, due to its time-
dependent buoyancy (7 h) and a total drug delivery in 17 h in simulated colonic fluid.

KEYWORDS: anhydrous dibasic calcium phosphate; hydroxypropyl methylcellulose; matrix tablets; oral
controlled release; theophylline.

INTRODUCTION

Hydroxypropyl methylcellulose (HPMC), a semi-synthet-
ic cellulose derivative, has been most frequently studied in the
formulation of monolithic matrix tablets for controlled re-
lease, due to its hydrophilic gel-forming property, non-toxicity
and cost-effectiveness (1–3). In addition, this polymer can be
formulated with several drugs, being able to accommodate
high levels of these molecules. On the other hand, it can be
easily utilised to form matrix tablets by direct blending or
granulation (4,5).

Once in contact with a liquid medium, this polymer would
hydrate and swell, forming a hydrogel layer which regulates
further penetration of the liquid into the tablet matrix and disso-
lution of the drug from the inside of the tablet (6). In conse-
quence, the drug release from this polymeric matrix is achieved
by diffusion, erosion or a combination of both processes (7,8).

Several factors, such as the polymer type and concentra-
tion, the drug particle size and the presence of additives or

excipients in the formulations can modify the drug release
from these matrices (9–11). In general, water-soluble drugs
tend to follow a release mechanism based on a diffusion
process, whereas in the case of water-insoluble compounds,
the release would be controlled by the tablet erosion (12). On
the other hand, other strategies aiming to modify the drug
release rate are based on the addition of several diluents.
Some studies have demonstrated that when HPMC was
replaced by lactose, higher drug release rates were obtained
with lower HPMC/lactose ratios (13). However, some precau-
tions must be adopted before adding excipients to the dosage
form considering that, although the addition of any amount of
diluents or fillers generally increases the drug release rate
(14), the inclusion of a non-soluble excipient like dibasic cal-
cium phosphate decreased drug release rates (15) or resulted
in a slower drug release with more linearity in the dissolution
profile (16). On the other side, other studies found that the
filler ratio was the most significant factor that affected the
drug release (17), showing that the amount of HPMC played
a dominant role in the dissolution behaviour. Therefore, Lof-
tipour and co-workers have reported that the hydrophilicity or
hydrophobicity of fillers did not have a significant effect on the
drug release profile when it was controlled both by diffusion
and erosion while at the same time the drug release was
influenced by the type and concentration of the polymer (18).

Recently, Tavakoli and co-workers obtained favourable
sustained release of acyclovir from tablets containing HPMC
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K4M, Na CMC and/or polyvinyl pyrrolidone (PVP) or Na
alginate and gas-generating agent. The combination of a cel-
lulosic polymer, HPMC, with at least one more synthetic or
naturally derived polymer could achieve a compromise be-
tween floating lag time, total floating duration, drug release
rates and mucoadhesion properties (19). Likewise, formula-
tion containing HPMC K15M, dicalcium phosphate, citric acid
and sodium bicarbonate were optimum from both duration of
buoyancy and drug release point of view (total amount of drug
release for 12 h in stomach). Thus, floating drug delivery
system provides a method for sustaining the drug release of
a highly soluble drug propranolol HCl in stomach (20). An-
other researches, reported that the combination of sodium
bicarbonate and hexadecanol with HPMC K4M was found
to achieve optimum in vitro release and floatability (the drug
release at 12 h was more than 85%). Based on the in vivo
performance, the developed formulation could prolong Tmax

without increasing the fluctuation of plasma concentrations
and decreasing the bioavailability (21).

In addition, the changing conditions along the gastroin-
testinal tract can potentially affect the tablet erosion for a gel
matrix tablet and thereby alter the drug release rate (22). The
dissolution testing procedure has been established as a quality
control during the product development in pharmaceutical
production. So, in order to mimic the physiological human
conditions, and contributes to establish in vitro–in vivo corre-
lations (23), it has been described as dissolution medium
nature, medium ionic strength or temperature of the medium
can affect the hydration of hydrophilic polymers, and in con-
sequence the drug release from matrix systems could be af-
fected (24). In this sense, Ebube and Jones have reported the
significant impact of the pH of the dissolution medium on the
drug release rate (3) while recent efforts have been undertak-
en to show that HPMC matrices were hydrolysed by a selec-
tive endoglucanase from Trichoderma reesei (25), suggesting
that the study of the enzymes activity over HPMC formula-
tions could be crucial in order to know the effects of physio-
logical conditions.

On the other hand, The Food and Drug Administration
(FDA) in 2005 warned of the possibility that the presence of
alcohol in the medium, interacts with the modified-release
oral formulations, accelerating the release of the drug. This
phenomenon, known as “dose dumping”, is the consequence
of tablet rupture or erosion and accumulation in the body
(26). Single unit non-disintegrating dosage forms are liable
to a higher risk of dose dumping (27). Despite that, matrix
tablets have more uniform release profiles with a high

resistance to dose dumping than other controlled release for-
mulations (28).

Considering all this background, the aim of the present
study was to study the influence of HPMC/anhydrous dibasic
calcium phosphate (ADCP) ratio in the matrix tablets formu-
lations able to release a water-soluble drug (theophylline) in
different zones of the gastrointestinal tract.

MATERIALS AND METHODS

Materials

Theophylline anhydrous (THE; batch: 048K0709) was pur-
chased from Sigma-Aldrich (Saint Louis, MO). Hydroxypropyl
methylcellulose-Methocel® K15M CR PREMIUM (HPMC;
lot: QJ9012N11) was a generous gift from Colorcon Ltd (Kent,
England). Pepsin (batch: 8947200011) was provided by
Guinama (Valencia, Spain). Anhydrous dibasic calcium phos-
phate (ADCP; batch: 1006; Emcompress® Anhydrous) was pro-
vided by Mendell (Bodenheim, Germany). Magnesium stearate
PRS-CODEX (MgSt; batch: 85269ALP) was purchased from
Panreac (Barcelona, Spain). Kollidon® 30 (PVP K30; batch: 98-
0820) supplied by BASF (Ludwingshafen, Germany). Pancreatin
USP (batch: A0257028) was manufactured by Acros Organic
(Fair Lawn, NJ), and pectinolytic enzymes extracted fromAsper-
gillus nigerwith an activity of 26,000 FDU/mL at pH 3.5 (Pectinex
Ultra SP-L, batch: KRN05620) were kindly granted by Novo-
zymes (Bagsvaerd, Denmark). All other reagents were of analyt-
ical grade. In all cases, demineralised water was used.

Preparation of Matrix Tablets

Matrix tablets containing, HPMC and ADCP with vary-
ing ratios (Table I) and 50 mg of THE as a model drug, were
prepared. The granules were produced by addition of a PVP
K30 ethanol solution onto a physical mixture of THE, HPMC
and ADCP. The wet mass was then passed through a mesh
size of 0.5 mm, which was dried at 40°C for 12 h. An amount of
2% MgSt (w/w) was added to the granules before the com-
pression; 600 mg of the blend was weighed; and tablets were
obtained using an eccentric machine Bonals® B 40 (Barce-
lona, Spain), with concave punches of 13 mm diameter, apply-
ing the maximum compression force accepted by the
formulation. The compaction pressure was kept constant dur-
ing the preparation of every batch. Furthermore, a control
batch (C), without polymer, was prepared in the same con-
ditions. The obtained tablets have fulfilled the hardness tests

Table I. Composition of the Different Batches Manufactured

Components (mg)

Formula code

H1 H2 H3 H4 H5 H6 C

HPMC K15M 440 300 200 100 50 30 –
ADCP 48 188 288 388 438 458 488
Theophylline 50 50 50 50 50 50 50
PVP 50 50 50 50 50 50 50
MgSt 12 12 12 12 12 12 12

HPMC hydroxypropyl methylcellulose, ADCP anhydrous dibasic calcium phosphate, PVP polyvinyl pyrolidone, MgSt magnesium stearate
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(Pharma Test-PTB 311; Hainburg, Germany), average weight,
drug content and diameter and thickness.

Swelling Characterisation

In order to study the influence of composition and pH
media on HPMC/DCPA matrices behaviour, the swelling de-
gree was determined in different media, according to a meth-
od described by Ruiz-Caro and Veiga (29).

Before the tablets were exposed to the aqueous solutions,
they were glued onto metallic discs with a diameter of 20 mm.
The discs where then placed in beakers that contained 500 mL
of different media. These beakers were placed in a thermo-
stated water shaking bath (Selecta® UNITRONIC320 OR,
Barcelona, Spain) with an experimental temperature of 37±
0.1°C and a shaking rate of 42 U/min.

The media assayed were: demineralised water, progres-
sive pH medium, simulated gastric fluid with pepsin (SGF)
and simulated intestinal fluid with pancreatin (SIF). The pro-
gressive pH medium was composed of an aqueous mixture of
0.005 M hydrochloric acid (37%), 0.05 M ortho-phosphoric
acid (85%) and 0.05 M glacial acetic acid with a pH value of
1.5, which was maintained during the first 2 h of the assays.
After that, NaOH 10 M was added to the medium until pH
increased to a value of 4.0, which was maintained for the
following 2 h. Finally, another aliquot of NaOH 10 M was
added to obtain a pH value of 6.8 which was maintained for
24 h. SGF and SIF were elaborated according to the US
Pharmacopeia (30).

At specific time intervals, the tablets were extracted from
the test medium and blotted with filter paper to absorb the
excess of liquid on the sample surface before the weight
evaluation. The swelling ratio (SR) of every sample was cal-
culated according to Eq. 1 (31).

SR ¼ Ts � Tdð Þ=Td½ � � 100 ð1Þ
where Ts and Td were the weights of the swollen and dried
tablets, respectively. All swelling tests were performed in
triplicate.

At t=120, 240, 480 and 1440 min, photographs were taken
with a digital camera (Panasonic® Lumix DMC-FZ28 10.0
Megapixels, Osaka, Japan), to observe the aspect and evolu-
tion of the tablets in contact with the different media.

In Vitro Buoyancy Study

All matrices tablets prepared were characterised in
order to determine their buoyancy ability, using the paddle
method at a rotation speed of 50 rpm with a Sotax® AT-7
dissolution apparatus (Basel, Switzerland) in 900 mL of the
different media previously described in the swelling study
at 37±0.1°C.

The position (or location) of the matrix tablet during
buoyancy test was visually checked every hour. All buoyancy
tests were performed in triplicate.

Dissolution Test

A Sotax® AT-7 dissolution apparatus (Basel, Switzer-
land) with paddles was employed to carry out all tests. The
dissolution media used were the same as those employed in

the swelling studies. The paddle speed, volume of the dissolu-
tion medium and the experimental temperature were 50 rpm,
900 mL of each dissolution medium and 37±0.1°C, respective-
ly. Besides the four dissolution media used, another medium
was assayed to simulate the mouth-to-colon transit. Before the
tablets were exposed to the dissolution media, they were glued
onto metallic discs with a diameter of 20 mm, in order to
improve the manipulation of the tablets during the test. Dur-
ing the first 6 h, the tests were carried out in the same way as
the dissolution tests in progressive pH medium (2 h at
pH 1.5→2 h at pH 4→2 h at pH 6.8). After this period, the
tablets were removed from a dissolution medium and im-
mersed in beakers that contained 100 mL of simulated colonic
fluid with pectinolytic enzymes (SCF; 4 mL/L), whose enzyme
activity showed to be closely correlated with that of Bacter-
oides ovatus, the main colon producer of pectinolytic enzymes
(32). These beakers were placed to a thermostated water
shaking bath (Selecta® UNITRONIC 320 OR, Barcelona,
Spain) with an experimental temperature of 37±0.1°C and a
shaking rate of 42 U/min.

At specific time intervals, samples of dissolution medium
were withdrawn and filtered using Whatman® filter papers
(type 42). The quantity of dissolved THE was determined by
UV spectroscopy at a wavelength of 271 nm (Shimadzu® UV-
1700 spectrophotometer; Kyoto, Japan). Three replicates of
each dissolution test were carried out. No changes in the λmax

of THE because of the presence of tablet excipients had
previously been checked.

Dissolution Data Analysis

In order to compare the dissolution profiles from each
batch under different dissolution conditions and to study the
effect of composition batches on the drug release, two indices
proposed by Moore and Flanner were used (33). This ap-
proach, model independent, uses mathematical indices to de-
fine difference f1 (Eq. 2) and similarity f2 (Eq. 3) factors,
respectively, to compare complete dissolution profiles:

f1 ¼

Pn
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Rj � Tj
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�
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where Rj and Tj are the dissolved drug percentages at each
time point for the reference (i.e. profile obtained from H1)
and test product (i.e. profile obtained from H2), respectively;
n is the number of samples for each dissolution test; t is the
sample time index; and Wj is an optional weight factor (in the
current work Wj=1). In general, to ensure sameness between
the profiles f1 should be in the range of 0–10 and f2>65 which
denotes a similarity between profiles higher than 95% (34),
meanwhile f2<65 represents non-similar profiles.

In order to investigate the drug release model from all
matrix tablets, the dissolution data obtained from the assayed
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samples during dissolution tests, in all the different media,
were analysed according to the following mathematical mod-
els: zero order (Mt≤1.0) (Eq. 4) (35), first order (Mt≤1.0)
(Eq. 5) (35), Hixson–Crowell (Mt /M∞=1–Wt/W0≤1.0) (Eq. 6)
(36), Hopfenberg (Mt /M∞≤1.0) (Eq. 7) (37,38), Higuchi (Mt /
M∞≤0.6) (Eq. 8) (39) and Korsmeyer–Peppas (Mt/M∞≤0.6)
(Eq. 9) (40) kinetic equations:

Mt ¼ M0 þKt ð4Þ

Mt ¼ Moe
K1t ð5Þ

M1=3
1 � M1 �Mtð Þ1=3 ¼ Kst ð6Þ

Mt

M1
¼ 1� 1�KHFt½ �nHF ð7Þ

Mt

M1
¼ KHt

1=2 ð8Þ

Mt

M1
¼ KKPt

n ð9Þ

where Mt is the amount of drug dissolved in time t; M0 is the
initial amount of drug in the solution (most times, M0=0); K is
the zero-order release constant; K1 is the first-order release
constant;M∞ is the initial amount of drug in the tablet;M∞–Mt

is the remaining amount of drug in the tablet at time t; Ks is a
constant incorporating the surface-volume relation; Mt/M∞ is
the fraction of drug released at time t (the drug loading was
considered as M∞); KHF is equal to K0/C0a0, being K0 equal to
the erosion rate constant, C0 is the initial concentration of
drug in the matrix and a is the initial radius of the matrix
(for a sphere or cylinder or the half-thickness for a slab); the
value of nHF is 1, 2 or 3 for a slab, cylinder or sphere, respec-
tively; KH is the Higuchi dissolution constant; KKP is a con-
stant incorporating structural and geometric characteristics of
the drug dosage form; and n is the release exponent, which
characterise the drug release mechanism and whose values
depend on the shape of the tested matrix (41). Thus, for
studying the release mechanism from cylinders, an n value of
0.45 corresponds to Fickian release (controlled release by
diffusion), in case of case II transport (controlled release by
relaxation) n=0.89, meanwhile values of n between 0.45 and
0.89 respond to non-Fickian release kinetics (anomalous
transport of drug corresponds to coupled diffusion/polymer
relaxation). The optimum values for the present parameters in
each equation were determined by linear or non-linear least-
squares fitting methods with StatGraphics® Plus Version 5.1
software. When comparing models with different parameters,
the adjusted coefficient of determination (R2

adj ) is more mean-
ingful and was used in this work to test the applicability of the
drug release models (35).

RESULTS AND DISCUSSION

Swelling Studies

The SR from the formulations H1–H6 and C determined
in different media are shown in Table II. Each positive SR
value indicates that, at a given time, the swollen matrix weight
was higher than that of the dry system weight (t=0). On the
other hand, each negative SR value indicated that the weight
of the swollen system was lower than the weight of the dry
system (t=0).

In general, the SR results from all matrices studied in
different media revealed a direct relationship between swell-
ing value and HPMC amount in the formulation. Therefore,
when the polymer concentration increased, the SR values
increased too. This fact could be attributed to a slow erosion
of the gelled layer and to a higher capability of water uptake
of the tablets containing higher amounts of HPMC. According
to the data (Table II), H1, H2 and H3 matrix tablets showed a
continuous weight increase during the experiment (24 h) in all
the different media. Considering all this, it can be deduced
that in these matrix tablets with HPMC/ADCP proportions
(ratio, ≥0.69) predominated the pH-independent characteris-
tic swelling of HPMC.

H4 tablets presented similar SR values in demineralised
water, progressive pH medium, SGF and SIF. However, in
SGF the swelling data at 24 h were lower than those obtained
in the rest of the media, showing even negative values. The
swelling behaviour from H5 and H6 matrices were similar in
demineralised water, progressive pH medium and SIF, but
when the medium test was SGF, a partial (H5) and total
disintegration (H6) at 8 h can be observed. These last results
could be explained considering that in the formulations with
HPMC/ADCP ratios lower than 0.69, the ADCP could act as a
disintegrant, and it prevails over the HPMC hydrophilic gel-
forming property and only a weak gel layer was formed, which
was not able to prevent the matrix disintegration.

Due to the pH-dependent solubility of ADCP, the swell-
ing data from C batch in all the media studied showed a clear
pH-dependent behaviour, obtaining similar and positives val-
ues in demineralised water or SIF, and a constant erosion
process (negative values) in SGF or progressive pH medium.

Visual observations (Fig. 1) confirm the swelling test
results. The swelling behaviour was pH independent in H1,
H2, H3 and H4 formulations, where the HPMC/ADCP ratio
was higher than 0.25. On the contrary, H4, H5 and H6 for-
mulations (HPMC/ADCP ratio, <0.12) showed a pH-depen-
dent swelling behaviour, only detected after 4 h of the assay,
producing an evident slow erosion process yielding a small
matrix core (H5) or producing a total matrix disintegration
(H6) after 8 h of the test. C matrix resulted completely eroded
in acidic media and almost intact in neutral media.

Buoyancy Test

The in vitro buoyancy behaviour of every matrix tablets
in all the different media depended also on HPMC/ADCP
ratio. Consequently, H1, H2 and H3 showed good buoyancy
properties, because all these systems floated immediately up-
on contact with the release medium and continued for more
than 8 h. The matrices H4 showed a partial floatability,
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because they floated only during the first 8 h of the test. No lag
times in buoyancy of matrices were observed. These results
could be attributed to the manufacturing process; the ethanol
used in the granulation step could be responsible of the
HPMC swelling and therefore of the buoyancy of the tablets
which agrees with Yamashita and co-workers’ observations
(42). On the contrary, H5 and H6 did not float in any case.
The C batch exhibits, as well, no buoyancy due to the absence
of hydrophilic polymer.

In Vitro Dissolution Test

Figure 2 shows THE release profiles from H1–H6 and C
batches in demineralised water (a) and progressive pH medi-
um (b). In demineralised water, the THE dissolution profiles
were influenced by the HPMC/ADCP ratio. As the content of
HPMC was reduced, the ability to control the drug release
decreased, yielding higher drug release values. Drug release
dissolution patterns from H1 and H2 were similar, obtaining a
sustained but incomplete THE release, less than 100% after
24 h of assay. On the contrary, H3, H4, H5 and H6 batches,
displayed a controlled and almost complete drug release after
a period of time of 24 h. The THE dissolution profile from C
batch was intermediate because in demineralised water the

acidic solubility of ADCP did not allow the tablet disintegra-
tion, as can be observed in Fig. 1a.

In progressive pH medium, H1–H6 and C matrices
showed drug release rates that clearly depended on the
HPMC/ADCP ratios. Hence, when the concentration of
HPMC increased, the THE release rate decreased (Fig. 2b).
Furthermore, all the prepared formulations were able to effi-
ciently control the drug release over a time period of 8 h,
except for C matrix which resulted in a faster drug release
(total drug released in 5 h) due to the tablet erosion in this pH
medium (Fig. 1b).

THE dissolution profiles in SGF from all the matrix
tablets are displayed in Fig. 3a. H1, H2, H3 and H4 matrices
showed slow drug releases: 43.5%, 49.6%, 59.7% and 67.5%
of THE was dissolved at 8 h from H1, H2, H3, and H4,
respectively. On the contrary, faster drug releases from H5
and H6 were obtained (100% of drug release after 8 h from
H5 and in 3 h from H6), due to the high proportion of ADCP,
which was soluble in acidic solution (43). The solubility of
ADCP together with the reduction in the amount of the
gelling agent justify the increase in the overall percentage
release of THE, in accordance with the data reported by
Chaturvedi and co-workers for other soluble drug (20).

Figure 3b illustrates the THE release profiles from all
batches in SIF. All the developed matrices were able to sustain

Table II. Values of SR from H1 to H6 and C Matrices at 2, 4, 8 and 24 h in Different Media

Batch 2 h 4 h 8 h 24 h

SR in demineralised water
H1 184.2±4.2 251.9±4.7 336.1±3.2 485.8±9.4
H2 149.3±2.2 205.2±2.5 268.3±1.4 350.2±3.4
H3 133.6±2.9 176.6±3.1 219.9±1.7 280.0±1.6
H4 78.1±1.1 105.3±1.2 117.2±1.8 169.6±8.4
H5 75.1±0.9 90.0±0.8 90.4±1.5 99.5±5.0
H6 57.9±1.3 65.1±0.9 52.1±2.2 37.3±4.1
C 21.0±3.5 27.0±9.6 21.3±3.4 19.2±2.4
SR in progressive pH medium
H1 177.5±1.6 240.9±9.4 314.2±8.2 482.7±4.3
H2 152.1±3.2 202.7±1.8 262.7±3.6 368.5±5.6
H3 136.4±1.3 174.4±3.3 217.3±1.2 282.4±4.8
H4 79.8±1.6 101.1±1.4 112.3±0.8 183.2±3.0
H5 71.1±1.1 80.3±1.5 82.6±3.4 72.5±3.4
H6 44.1±1.2 49.1±1.9 44.0±2.0 21.9±4.7
C −8.6±0.6 −18.5±2.2 −44.7±5.6 −46.9±5.5
SR in SGF
H1 174.9±1.3 239.6±8.7 314.5±5.8 463.9±5.2
H2 159.5±1.8 217.3±3.0 280.8±7.0 357.3±27
H3 138.3±2.5 180.4±1.2 226.7±0.8 189.9±37
H4 83.2±2.2 109.1±4.5 122.3±9.8 −33.8±5.3
H5 74.9±0.8 72.6±3.9 −36.5±9.5 –
H6 53.6±4.1 25.4±2.8 – –
C −24.4±3.4 −61.8±4.4 −96.8±0.6 −98.1±1.8
SR in SIF
H1 169.4±6.4 237.6±12 321.1±8.6 509.3±13
H2 142.5±0.7 196.5±1.6 252.6±3.0 370.7±8.3
H3 126.7±2.4 167.1±1.0 208.2±2.5 230.4±9.4
H4 76.8±1.2 104.1±1.4 124.1±3.6 115.6±7.5
H5 71.1±0.5 85.9±1.4 89.5±1.4 97.8±3.2
H6 54.7±0.9 60.6±0.9 54.6±0.6 41.6±0.9
C 15.0±1.2 17.3±1.4 12.1±4.5 −4.5±13.1

SR swelling ratio, SGF simulated gastric fluid with pepsin, SIF simulated intestinal fluid with pancreatin
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the drug release. A direct relationship could be established
between drug release rate again, and the HPMC proportion,
yielding slower drug releases when the polymer concentration
increased. These results differ to those obtained in deminer-
alised water, probably due to the ionic nature of the dissolu-
tion medium, which could modulate the polymer–water
interactions in non-ionic hydrophobically modified cellulose
ethers such as HPMC, as was previously reported by other
authors (3,44–49). Dissolution data from C batch were similar
to those obtained in demineralised water, but different to the
other two media, which confirm their pH-dependent drug
release.

The dissolution profiles from H1, H2, H3, H4, H5 and H6
studied in SCF were displayed in Fig 3c. It was noticed that the
presence of enzymes in the dissolution medium produced a
change of the drug release rate of tablets H1, from a 49.2% at
8 h released in SCF to a 34% for the same period of time in the
absence of enzymes. A similar observation was produced in
H2 formulation, whose rate of drug release increased in this
medium, producing a higher percentage of drug released at
8 h. However, this improvement in drug release rate could not
be evidenced in H3, H4, H5 and H6 formulations. This be-
haviour suggests that the HPMC could be suffering a hydro-
lysis process by the hemicellulolytic activity of pectinase, in

Fig. 1. Evolution of H1–H6 and C matrices aspect after immersion in different media:
demineralised water (a), progressive pH medium (b), SGF (c) and SIF (d) after 2, 4, 8 and
24 h
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spite of the previous studies by Viriden and co-workers that
showed only a specific HPMC hydrolysis by endoglucanases
(25). Moreover, these results could be attributed to the mod-
ification in the dissolution method which ensured the com-
plete immersion of the H1, H2 and H3 matrices within the
dissolution medium.

Dissolution Data Analysis

The application of the similarity (f2) and different (f1)
factors proposed by Moore and Flanner (33) and adopted by
the CDER-FDAwere the selected method for comparing the
whole dissolution profiles obtained in all different media used
in this work. According to data shown in Table III, when the
dissolution medium was demineralised water, it was clearly
observed that the dissolution profiles from H1 and H2 formu-
lations should be considered similar (f1<15 and f2>65), but
they were different to H3, H4, H5 and H6 matrices (f1>15 and
f2<65). Moreover, H3, H4 and H5 drug release profiles were

similar, and H5 THE profile was similar to H6, also. On the
other hand, the f1/f2 test of whole profiles obtained in progres-
sive pH medium showed that they were different, except H2
and H3 THE profiles which were similar (f1<15 and f2>65).

When SGF was employed as the dissolution medium,
significant differences in drug release profiles from all batches
were observed (f1>15 and f2<65), except for H1 and H2
profiles. Drug release profile from H1, H2, H3 matrices, eval-
uated in SIF, were different but H3 and H4, and H5 and H6
drug release profiles were similar among themselves, respec-
tively (f1<15 and f2>65).

Finally, the f1 and f2 parameters obtained from the com-
parison of whole release profiles in SCF showed that the THE
release behaviour from H1 and H2 were similar among them-
selves but different to the other formulations. Moreover, H3
and H4 profiles were similar among themselves and different
to the other matrices.

To understand the drug release model from every formula-
tions, all the data were treated according to zero order, first order,

Fig. 2. Dissolution profiles of H1 (squares), H2 (circles), H3 (triangles), H4 (diamonds), H5 (plus sign), H6
(minus sign) and C (asterisks) matrices in different media: demineralised water (a) and progressive pH
medium (b). Error bars represent the standard deviation (in some cases, they are smaller than the symbol
size)

Fig. 3. Dissolution profiles from H1 (squares), H2 (circles), H3 (triangles), H4 (diamonds), H5 (plus sign),
H6 (minus sign) and C (asterisks) matrices in different media: SGF (a), SIF (b) and SCF (c). Error bars
represent the standard deviation (in some cases, they are smaller than the symbol size)
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Hixson–Crowell, Hopfenberg, Higuchi and Korsmeyer–Peppas
equations. Only the best fitting results are listed in Tables IVand
V. In general, all the formulations were better adjusted to the
Higuchi and Korsmeyer–Peppas equations.

When demineralised water was the dissolution medium,
the best kinetic adjustment for all the matrices was obtained in
the Higuchi equations (Table IV (demineralised water)),
showing similar values of KH for H1 and H2 dates (0.0200
and 0.0206), and near to 0.0300 from H3, H4, H5 and H6.

However, when progressive pH medium was employed
(Table IV (progressive pH medium)), the better kinetic ad-
justment (Higuchi and Korsmeyer–Peppas equations),

showed that the Higuchi constant (KH) increased as the
HPMC amount decreased. It suggests that the polymer con-
centration modulated the drug release rate. Furthermore, the
changes observed in the “n” values (0.44 to 0.66) from Kors-
meyer–Peppas equation, suggested that the drug release
mechanisms passed from diffusion to non-Fickian or anoma-
lous transport mechanism when the polymers amount de-
crease. It confirms that the HPMC/ADCP ratio were the
responsible of the changes in THE release rate. These obser-
vations agreed with other researches (14–16,18).

On the other hand, the kinetic adjustment of the matrices
tested in SGF (Table V (SGF)) yields higher values of Higuchi

Table III. Difference (f1) and Similarity Factors (f2) Values for the Release Profiles from H1 to H6 and C Matrices in Different Media:
Demineralised Water (a), Progressive pH Medium (b), SGF (c), SIF (d) and SCF (e)

R P

a b c d e

f1 f2 f1 f2 f1 f2 f1 f2 f1 f2

H1 H2 7.1 83.3 33.1 52.3 13.0 67.7 20.3 67.0 9.7 70.2
H1 H3 41.9 46.2 50.7 43.3 37.5 47.1 48.3 47.6 25.5 51.9
H1 H4 50.6 42.8 78.7 34.7 62.4 38.6 60.7 43.6 37.6 43.5
H1 H5 65.9 39.0 121 27.4 109 24.7 95.8 33.9 57.9 33.5
H1 H6 82.2 34.1 162 21.0 236 14.8 140 28.4 101 27.8
H2 H3 32.5 49.7 13.9 66.1 21.6 56.9 23.7 57.8 13.6 63.3
H2 H4 40.7 45.8 35.7 47.0 43.7 44.1 33.9 52.0 24.6 50.6
H2 H5 53.9 41.6 65.3 35.1 84.5 27.4 68.7 37.8 46.4 36.7
H2 H6 69.0 36.0 96.7 26.4 201 15.9 96.2 32.2 82.3 30.1
H3 H4 6.5 78.2 19.1 57.9 16.6 60.7 8.7 77.1 9.6 67.5
H3 H5 14.3 64.1 44.3 40.7 49.8 33.4 36.9 47.6 28.8 44.0
H3 H6 25.5 51.6 71.6 30.0 139 18.4 59.1 38.9 58.6 34.2
H4 H5 6.7 77.0 19.8 53.3 28.9 39.6 26.0 53.0 17.5 52.7
H4 H6 17.2 57.6 42.5 36.8 101 20.9 44.8 42.5 43.7 38.3
H5 H6 9.8 67.6 18.9 50.2 74.3 24.3 13.1 62.4 22.3 49.1

f2>65 suggest that the dissolution profile are similar (95% confidence level). f1 is near to zero when the test and reference profiles are identical
(95% confidence level)
R the drug release profiles take as reference, P the drug release profiles take as problem

Table IV. Mathematical Modelling and Drug Release Kinetics from H1 to H6 and C Matrices Studied in Demineralised Water and Progressive
pH Medium

Batch

Hixson–Crowell Hopfenberg Higuchi Korsmeyer–Peppas

K0 R2
adj Ks R2

adj KH R2
adj n KKP R2

adj

Demineralised water
H1 0.0011 0.9876 −0.1300 0.9852 0.0200 0.9982 0.5808 0.0114 0.9975
H2 0.0012 0.9786 −0.1625 0.9752 0.0206 0.9997 0.5617 0.0137 0.9989
H3 0.0017 0.9882 −0.1950 0.9844 0.0268 0.9996 0.5495 0.0192 0.9998
H4 0.0018 0.9802 −0.2277 0.9749 0.0282 0.9992 0.5288 0.0236 0.9986
H5 0.0020 0.9749 −0.2275 0.9684 0.0304 0.9983 0.5465 0.0232 0.9958
H6 0.0023 0.9835 −0.2600 0.9767 0.0343 0.9991 0.5574 0.0243 0.9973
C 0.0017 0.9725 −0.195 0.9666 0.0257 0.9972 0.4370 0.0408 0.9989
Progressive pH medium
H1 0.0008 0.9839 −0.0975 0.9821 0.0151 0.9950 0.4442 0.0211 0.9748
H2 0.0014 0.9867 −0.1625 0.9836 0.0240 0.9979 0.5964 0.0121 0.9971
H3 0.0017 0.9913 −0.1950 0.9882 0.0274 0.9975 0.5909 0.0147 0.9990
H4 0.0020 0.9860 −0.2600 0.9808 0.0312 0.9996 0.5622 0.0209 0.9993
H5 0.0027 0.9851 −0.3250 0.9684 0.0389 0.9993 0.6045 0.0206 0.9984
H6 0.0037 0.9831 −0.4225 0.9585 0.0501 0.9964 0.6682 0.0186 0.9993
C 0.0129 0.9239 −0.845 0.9616 0.0718 0.9918 0.667 0.0286 0.9969

K0 Hixson–Crowell constant, Ks Hopfenberg constant, KH Higuchi kinetic constant, n release exponent, KKP Korsmeyer kinetic constant, R2
adj

adjusted coefficient of determination
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(KH) and Korsmeyer–Peppas (KKP) constants compared with
those observed in progressive pH medium. It suggests an
anomalous diffusion for all the formulations tested in this
medium. Likewise, the good fitting to Higuchi equation when
the dissolution media was SIF (Table V (SIF)), indicated a
drug release mechanism controlled mainly by a Fickian
diffusion.

The dissolution profiles of H1, H2, H3, H4 andH5matrices
obtained in SCF were fitted best to Higuchi and Korsmeyer–
Peppas equations (Table V (SCF)). The KH Higuchi constant
obtained from H1, H2, H3, H4 and H5 formulations were
0.0236, 0.0261, 0.0295, 0.0321 and 0.0388, respectively, which
suggest that the polymer amount was responsible of the drug
release rate. However, the “n” values obtained from these ma-
trices were around 0.55–0.59, suggesting that the mechanism of
drug release from these formulations was produced by a Fickian
diffusion, with a slight evidence of erosion process.

The kinetic constants obtained from the best fit to the
different models were used to predict the theoretical time to
obtain a complete drug release from all the matrix tablets in
the different media (Table VI).

The analysis of these data allow us to confirm that H1, H2
and H3 formulations can be used to provide a gastric con-
trolled drug release, when only one dose of treatment is
necessary since these formulations were able to release the
drug in a period of time less than 48 h.

H4 formulation would be able to obtain a drug controlled
release through the gastrointestinal tract for treatments when
one dose every 18 h was required.

H5 and H6 matrices could be used for controlled drug
release through the gastrointestinal tract. Moreover, if an
adequate coating is applied onto these matrices, they can be
used to provide an enteric or colonic drug release.

CONCLUSIONS

For a water-soluble drug (THE), the combination of a
gel-forming excipient (HPMC) with a pH-dependent solubili-
ty material (ADCP) allows to obtain matrix tablets with

Table V. Mathematical Modelling and Drug Release Kinetics from H1 to H6 and C Matrices Studied in SGF, SIF and SCF

Batch

Hixson–Crowell Hopfenberg Higuchi Korsmeyer–Peppas

K0 R2
adj Ks R2

adj KH R2
adj n KKP R2

adj

SGF
H1 0.0012 0.9896 −0.1625 0.9873 0.0207 0.9981 0.5452 0.0148 0.9978
H2 0.0014 0.9896 −0.1625 0.9868 0.0241 0.9984 0.5749 0.0142 0.9978
H3 0.0018 0.9893 −0.2275 0.9855 0.0286 0.9995 0.5559 0.0195 0.9994
H4 0.0021 0.9912 −0.2600 0.9868 0.0315 0.9981 0.4981 0.0309 0.9916
H5 0.0052 0.9112 −0.5200 0.9419 0.0396 0.9991 0.5766 0.0243 0.9995
H6 0.0218 0.8418 −1.5925 0.961 0.0668 0.9508 0.7168 0.01924 0.9825
C 0.0129 0.9997 −1.3325 0.9929 –a –a –a –a –a

SIF
H1 0.0008 0.9828 −0.0975 0.9812 0.0149 0.9922 0.5694 0.0092 0.9931
H2 0.001 0.9593 −0.13 0.9558 0.0179 0.9941 0.618 0.00876 0.9831
H3 0.0014 0.9669 −0.1625 0.9622 0.024 0.9962 0.715 0.0064 0.9797
H4 0.0014 0.9617 −0.1625 0.9569 0.0243 0.9944 0.5956 0.0134 0.9922
H5 0.0018 0.9784 −0.2275 0.9727 0.0285 0.9984 0.5178 0.0262 0.9962
H6 0.0022 0.9796 −0.2600 0.9727 0.0335 0.9987 0.5375 0.0270 0.9974
C 0.0017 0.9697 −0.195 0.9638 0.0264 0.9962 0.4701 0.0335 0.9966
SCF
H1 0.0013 0.9893 −0.1625 0.9858 0.0236 0.9989 0.5512 0.0164 0.9994
H2 0.0015 0.9849 −0.1950 0.9808 0.0261 0.9978 0.5624 0.0170 0.9990
H3 0.0018 0.9878 −0.2275 0.9826 0.0295 0.9985 0.5574 0.0204 0.9990
H4 0.0019 0.9803 −0.2275 0.9731 0.0321 0.9992 0.5600 0.0278 0.9991
H5 0.0025 0.9824 −0.2925 0.9650 0.0388 0.9992 0.5874 0.0225 0.9992
H6 –a –a –a –a –a –a –a –a

K0 Hixson–Crowell constant, Ks Hopfenberg constant, KH Higuchi kinetic constant, n release exponent, KKP Korsmeyer kinetic constant, R2
adj

adjusted coefficient of determination, SGF simulated gastric fluid with pepsin, SIF simulated intestinal fluid with pancreatin, SCF simulated
colonic fluid with pectinolytic enzymes
aToo rapid release to allow calculation for <70% release

Table VI. Theoretical Time Values Required to Reach the Complete
THE Release from H1 to H6 and C Matrices Studied in Different

Media: SGF, SIF and SCF

Theoretical time for 100% drug released

Batch SGF SIF SCF

H1 40.7 h 78.0 h 31.5 h
H2 30.8 h 54.0 h 25.9 h
H3 21.6 h 31.8 h 20.5 h
H4 17.1 h 29.7 h 16.9 h
H5 9.7 h 20.4 h NC
H6 NC 15.2 h NC
C NC 22.9 h NC

NC values no calculated, SGF simulated gastric fluid with pepsin, SIF
simulated intestinal fluid with pancreatin, SCF simulated colonic fluid
with pectinolytic enzymes
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different drug release profiles, which depend on the HPMC/
ADCP ratio. When the HPMC/ADCP ratio was ≥0.69, float-
ing matrix tablets with slow drug release in SGF were
obtained (H1, H2 and H3), which could be applied as gastro-
retentive drug delivery systems. A ratio between 0.11 and 0.69
allows to design a matrix tablet (H4) with partial buoyancy
and controlled drug release in SGF and SIF, which could be
suitable to obtain controlled drug release through the gastro-
intestinal tract. When the HPMC/ADCP ratio was ≤0.11 no
floating matrix tablets with drug controlled release in SIF
were obtained (H5 and H6), which could be considered as
enteric or colonic delivery systems if an adequate enteric
coating was applied.
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