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a b s t r a c t

The aim of this study was to develop and study floating controlled drug delivery systems consisting of a
model drug (zinc acetate dihydrate), different forms of a matrix-forming polymer (Metolose 90 SH) and
sodium bicarbonate as an effervescent component. The proportions of Metolose and bicarbonate were
varied, and the effects of the different ratios on the properties of the resulting powders and tablets were
determined. The water uptakes of different powder mixtures were initially evaluated. These tests indi-
eywords:
inc acetate dihydrate
odium bicarbonate
ater uptake

isintegration
loating

cated the interaction of the active and effervescent agent, this phenomenon leading to an unpredicted
increase in the amount of liquid taken up. This interaction was evaluated as concerns the degradation
of the hydrophilic matrix system. The disintegration of tablets with different compositions revealed that
this interaction increases the time required for the disintegration of these systems. The study demon-
strated that the interaction of the components induced significant changes in the parameters of this
new sensitive delivery system. In the last steps, the buoyancy and dissolution properties of tablets that

the f
issolution appeared appropriate for

. Introduction

Zinc acetate has a wide range of medical and dietary appli-
ations, e.g. as a dietary supplement, as an adstringent [1] or in
ozenges used to treat the common cold [2]. Zinc salts, e.g. the sul-
ate, gluconate or acetate, can also be used to treat zinc deficiencies.
s an oral daily supplement, this metal ion is used for the treatment
f Wilson disease, an inherited, copper accumulation disorder that
ffects about 30 individuals per million people [3]. It is due to a
ysfunction of a copper-transporting ATPase [4,5], leading to an
ccumulation of copper, mainly in the liver, but also in the brain,
ornea and kidney, and causing progressive hepatic and nervous
ystem damage. In the treatment of this disease, different active
gents and their combinations can be applied, depending on the
everity of the symptoms [6]. Zinc was first used by Schouwink
n The Netherlands in the early 1960s [7,8]. Zinc interferes with
he uptake of copper from the gastrointestinal tract, and removes
tored copper [9]. Zinc may also act by inducing elevated levels
f metallothionein [10–12]. Dosing is in the order of milligrams of

inc: the necessary amount is 150 mg of zinc per day. Thus, zinc sul-
ate, for instance, should be administered in a dose of 220 mg/day
hree times daily [13]. The actual salt used does not make a dif-
erence with respect to efficacy, but may affect tolerability [14].

∗ Corresponding author. Tel.: +36 62 545 576; fax: +36 62 545 571.
E-mail address: klara.hodi@pharm.u-szeged.hu (K. Pintye-Hódi).

731-7085/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2010.10.026
ormulation of a controlled drug delivery system were investigated.
© 2010 Elsevier B.V. All rights reserved.

Acetate may cause the least gastrointestinal distress, and gluconate
may be more tolerable than sulfate. In the case of active agents with
a short elimination half-life in the plasma, administration two or
three times a day is necessary, but the compliance and tolerabil-
ity of patients can be increased by developing a sustained-release
system.

The primary site of absorption of exogenous zinc in the human
is thought to be in the proximal small bowel [15,16]. In order to
develop a desired sustained-release dosage form for zinc acetate,
it is necessary to optimize both the residence time of the sys-
tem in the gastrointestinal (GI) tract and the rate of release of
the drug. Various approaches are used to increase the GI residence
time, including mucoadhesive systems [17,18], swellable systems
[19] and flotation systems [20,21]. Floating drug delivery systems
(FDDSs) remain buoyant in the stomach for a prolonged period of
time because of their lower bulk density as compared with that of
the aqueous medium. These systems can involve the use of car-
bonates and bicarbonates, for example [22–24]; when these come
into contact with acidic aqueous media, carbon dioxide is generated
and entrapped within the gelling hydrocolloid, causing the system
to float. An FDDS is desirable for drugs with an absorption window
in the stomach or in the upper small intestine [25]. These systems

help in releasing the active agent continuously before it reaches
the absorption window, thereby ensuring optimum bioavailability
[26].

In our work, hydrophilic floating matrix tablets were prepared
by direct compression. Compressed hydrophilic matrix tablets are

dx.doi.org/10.1016/j.jpba.2010.10.026
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:klara.hodi@pharm.u-szeged.hu
dx.doi.org/10.1016/j.jpba.2010.10.026
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ommonly used as oral drug delivery systems because of their good
ompactibility. Drug release from these systems is controlled by
he formation of a viscous layer around the tablet, which acts as a
arrier by opposing the penetration of water into the tablet. The
verall drug release is influenced not only by the drug solubility,
ut also by the physical and mechanical properties of the gel bar-
ier. Besides the mechanism of drug release, the extents of matrix
welling and erosion, and the diffusion of the drug determine the
inetics [27].

For FDDSs, rapid hydration is a basic requirement. It is well
nown from the literature that Metolose matrices hydrate rapidly
nly at the surface [28], retaining the bubbles developing from
odium bicarbonate and extending flotation during 8 h. The addi-
ion of sodium bicarbonate expands the volume of the matrices due
o the gas bubbles formed after reaction with the acidic dissolution

edium [29] and with the active agent, increasing their hydration
olume.

In this study, a new FDDS based on the gas formation technique
as developed. The tablets were prepared by direct compression,

ontaining different ratios of an effervescent component (sodium
icarbonate) and different types of hydroxypropyl methylcellulose
s matrix former. Zinc acetate dihydrate (Zn-ac), which is predomi-
antly absorbed in the upper part of the GI tract, was used as active
ompound. It is known that interaction may occur between bicar-
onates and Zn-ac [30]; accordingly, the objective of this work was
o prepare a controlled drug delivery system and to investigate
he effects of the ingredients and their possible interaction on the
roperties of powder mixtures (water uptake) and tablets (disinte-
ration, floating and dissolution). In this part of our work, only the
echnological aspects were studied. The chemical relevance and the
ackground will be discussed later. Our aim was an evaluation of
he effects of the components on the functioning and erosion of this
ydrophilic floating system.

. Materials and methods

.1. Materials

Zn-acetate (Zn-ac) (Merck KGaA, Darmstadt, Germany) was
hosen as active agent. Forms of hydroxypropyl methylcellulose
Metolose 90 SH 100 SR, 4000 SR, 100,000 SR, Shin-Etsu Chemi-
al Co., Ltd., Tokyo, Japan) with different viscosities were used as
atrix-former. This component is frequently utilized to form float-

ng matrix systems [24,31]. The notations for the different (low,
edium and high) viscosities of the Metolose used in this work
ere as the follows: 100 SR – LV, 4000 SR – MV and 100,000 SR –
V. Sodium bicarbonate (NaHCO3, Solvay S.A., Brussels, Belgium)
as applied as gas-forming agent. Lactose monohydrate (Ph. Eur.,
ungaropharma Plc, Budapest, Hungary) was used to substitute
n-ac in the second part of the work.

.2. Preparation of powder mixtures

As a preliminary step, the Zn-ac and NaHCO3 were size-reduced
n a mortar (Retsch RM 100, Retsch GmbH, Haan) for 10 min. Parti-
le sizes were determined with an analytical sieve (Retsch GmbH,
aan) and particles with diameters of 100–200 �m were used in

he study. The drug and the excipients were mixed in a rotating
haker mixer (Turbula, Willy A. Bachofen Maschinenfabrik, Basel)
t 50 rpm for 10 min. The amount of active agent was calculated on

he basis of the zinc requirement, which is equivalent to 500 mg of
n-ac a day. The mass of the tablets prepared was 1 g. Powder mix-
ures in every case contained 50% Zn-ac, while the ratio of NaHCO3
nd Metolose was varied as follows: 10:40%, 15:35%, 20:30% and
5:25% (w/w).
iomedical Analysis 54 (2011) 711–716

2.3. Evaluation of water uptake

The Enslin number, a simple semiquantitative measure of the
water uptake of a powder, is the amount of fluid absorbed by 1 g
of the powder (in ml/g). An Enslin apparatus with a glass filter and
a pipette with 0.01 ml accuracy were used for these experiments
[32]. 0.1 g of the different forms of Metolose, 0.25 g of each powder
mixture and 0.5 g each of Zn-ac and NaHCO3 were tested; 5 parallel
experiments were performed in every case.

2.4. Preparation of matrix tablets

Tablets were prepared with a hydraulic press (Specac Inc.,
Graseby, England); round and flat punches 13 mm in diameter were
used. 1 g of powder mixture was compressed at 3 × 108 Pa with
a dwell time of 10 s. Additional excipients (lubricant and glidant)
were not applied. In the second part of the work, powder mixtures
containing lactose monohydrate instead of Zn-ac were prepared;
the ratio of the components was not changed.

2.5. Study of matrix disintegration

The disintegration of tablets was evaluated with a disintegra-
tion tester (Erweka ZT 71, Erweka GmbH, Heusenstamm, Germany),
tablets were stored in a desiccator for 24 h before the test. The
test liquid was gastric fluid (pH 1.2, Ph. Eur.) and the temperature
was 37 ◦C. Twelve parallel experiments were performed. Each test
was carried out for a maximum of 8 h, as floating systems with a
residence time in the stomach longer than 8 h are not reasonable
[33].

2.6. Buoyancy

The buoyancy of the tablets was studied at 37 ± 0.5 ◦C, in 150 ml
of gastric fluid at pH 1.2 (Ph. Eur.). The floating lag times (the dura-
tion of the period between the placing of the tablet in the medium
and the tablet floating) and durations of tablet floating were deter-
mined by visual observation. Tablets were stored in a desiccator for
24 h before the test.

2.7. Dissolution study

The rates of in vitro release of Zn-ac from the matrix tablets were
determined in 900 ml gastric acid (pH 1.2, Ph. Eur.) by the pad-
dle method (Ph. Eur.). Tablets were stored in a desiccator for 24 h
before the test. The paddle rotation speed was kept at 50 rpm, and
the temperature at 37 ± 0.5 ◦C. Dissolution tests were carried out
under sink conditions. The motor activity of the stomach in the fed
state is induced 5–10 min after the ingestion of a meal; the larger
the amount of food ingested, the longer the period of fed activity,
with usual time spans of 2–6 h, or more typically, 3–4 h. The phasic
contractions are similar to those seen during phase 2 of the interdi-
gestive myoelectric motor complex (IMMC) in the fasting state [34].
Thus, the dissolution study was carried out for 4 h. Three millilitre
samples were withdrawn at 0.5, 1, 1.5, 2, 3 and 4 h, and the Zn con-
tents were measured by X-ray fluoresence analysis (Philips MiniPal
PW 4025, Philips Analytical, Almelo, The Netherlands). During the
measurements, the conditions applied were 12 kV and 100 �A, with
a kapton filter and an air purge. The samples were measured during

60 s, repeated in triplicate for each sample.

The concentrations of zinc (ppm) were calculated by means of
linear calibration (r2 = 0.9945) from the intensities of the K� lines
of the detected radiation. The dissolved drug concentration was
calculated on the basis of the zinc content of Zn-ac.
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Fig. 1. Enslin numbers of active agent and excipients.

. Results and discussion

.1. Water uptake of different powder mixtures

For an understanding of the effects of the individual components
n the water uptake of the system, the components and the binary
nd ternary powder mixtures were tested before the evaluation of
he tablets. A requirement for floatable systems is that they should
ake up sufficient water to be able to enclose the developing air
ubbles during the initial period of wetting. Thus, water uptake
easurements were carried out for 15 min.
First, the Enslin numbers of Zn-ac and the excipients were

etermined (Fig. 1). The water uptakes of the different forms
f Metolose were prolonged: for the LV and MV samples, the
alues were almost the same (LV: 2.838 ± 0.055 ml/g and MV:
.819 ± 0.185 ml/g), whereas the quantity of water was higher for
he HV sample (3.629 ± 0.161 ml/g). Their wetting was not finished
y the end of the test. This was caused by the restriction of the gel

ayer of the swelling polymer. The process was very short in the case
f NaHCO3; the water uptake occurred in the first 10 s, after which

he value was constant (0.553 ± 0.023 ml/g). The active agent took
p the maximum quantity of water in the first 6 min, after which
he value was constant (0.493 ± 0.031 ml/g) (Fig. 1).

Next, the water uptakes of the different binary and ternary pow-
er mixtures were determined. The theoretical Enslin numbers

able 1
nslin numbers (ml/g) (means ± SD) and deviation from calculated Enslin numbers (%) of

Zn-ac:NaHCO3:Metolose
(%) (w/w/w)

LV MV

Enslin number
(ml/g)

Deviation (%) Ensli
(ml/g

50:10:40 1.383 ± 0.061 96.22 1.237
50:15:35 1.462 ± 0.101 110.55 1.474
50:20:30 1,927 ± 0.059 159.44 1.781
50:25:25 2.361 ± 0.089 215.76 1.929

able 2
nslin numbers (ml/g) (means ± SD) and deviation from calculated Enslin numbers (%) of

Zn-ac:NaHCO3:Metolose
(%) (w/w/w)

LV MV

Enslin number
(ml/g)

Deviation (%) Ensli
(ml/g

50:0:40 1.090 ± 0.045 71.01 1.104
50:0:35 1.077 ± 0.071 73.87 1.103
50:0:30 0.985 ± 0.024 71.75 1.102
50:0:25 0.957 ± 0.001 75.07 1.102
iomedical Analysis 54 (2011) 711–716 713

were calculated from the Enslin numbers of each component in
the ratio of their presence in the powder mixtures. Deviations from
the calculated values were also determined. If a powder mixture
took up the calculated maximum amount of water, there was no
deviation, which meant a value of 100%.

First, the water uptakes of the ternary powder mixtures were
determined (Table 1). The quantity of water taken up increased
with increasing amount of NaHCO3 in all cases. This change was
unexpected as the Metolose content decreased with increasing
amount of NaHCO3. It would appear obvious that NaHCO3 formed
bubbles, which weakened the gel layer formed and the powder
mixtures, so that they could hydrate more quickly.

Deviations from the calculated Enslin numbers were deter-
mined. Powder mixtures with 10% NaHCO3 could not take up the
calculated amount of water, and thus this ratio of NaHCO3 was
not sufficient to modify the structures of the powders (Table 1).
In contrast, all of the other powders took up much more water
than expected (almost double the calculated value). This indicates
that something happened when the powder mixture came into
contact with water. NaHCO3 can react with acidic salts [35] such
as Zn-ac, and carbonate salts are presumed to develop during the
measurements.

For the evaluation of this situation, the binary mixtures were
tested. When there was no NaHCO3 in the powder mixtures
(Table 2), a lower quantity of water was taken up, confirming that
NaHCO3 is required to change the structures of the powder mix-
tures and the gel layer of the polymer, enhancing the water uptake.
Zn-ac itself slowed down the water uptake and reduced the amount
of water taken up.

For the binary powder mixtures containing only the additives,
lower amounts of water were taken up as compared with the cal-
culated values, clearly demonstrating that the active agent was
also indispensable for the unpredicted wetting (Table 3). This phe-
nomenon points to an interaction between NaHCO3 and Zn-ac,
which enhances the water-uptake property of the powders.

The properties of powder mixtures without Metolose were also
studied. The Enslin numbers of the 50:10, 50:15, 50:20 and 50:25
mixtures of Zn-ac:NaHCO3 were as follows: 0.666 ± 0.023 (132.32%

deviation), 0.859 ± 0.020 (169.45% deviation), 1.079 ± 0.073
(211.43% deviation) and 1.099 ± 0.021 (214.18% deviation), respec-
tively. These two components together (Zn-ac and NaHCO3)
were able to take up more water than expected, confirming the
occurrence of an interaction. At 20% and 25% NaHCO3 contents,

ternary powder mixtures.

HV

n number
)

Deviation (%) Enslin number
(ml/g)

Deviation (%)

± 0.039 86.54 1.571 ± 0.023 89.60
± 0.119 111.98 1.756 ± 0.078 109.75
± 0.085 147.37 1.996 ± 0.185 138.04
± 0.104 176.26 2.379 ± 0.023 184.17

binary powder mixtures without sodium bicarbonate.

HV

n number
)

Deviation (%) Enslin number
(ml/g)

Deviation (%)

± 0.048 72.31 1.182 ± 0.047 62.66
± 0.084 76.02 1.196 ± 0.040 66.70
± 0.083 80.71 1.264 ± 0.026 75.71
± 0.062 86.84 1.316 ± 0.118 85.56
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Table 3
Enslin numbers (ml/g) (means ± SD) and deviation from calculated Enslin numbers (%) of binary powder mixtures without zinc acetate dihydrate.

Zn-ac:NaHCO3:Metolose
(%) (w/w/w)

LV MV HV

Enslin number (ml/g) Deviation (%) Enslin number (ml/g) Deviation (%) Enslin number (ml/g) Deviation (%)

0:10:40 0.930 ± 0.084 39.08 1.091
015:35 0.930 ± 0.100 43.21 0.985
0:20:30 1.145 ± 0.022 59.49 1.090
0:25:25 1.184 ± 0.062 69.83 1.105
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delivery system. Thus, only these tablets were investigated further
ig. 2. Enslin numbers of ternary powder mixtures with LV. Zn-
c:NaHCO3:Metolose ratios (w/w/w).

he amounts of water taken up were more than double. This
nteraction was also observed for the ternary powder mixtures,

here higher amounts of water were taken up. The nature of
his significant interaction which influenced the water-uptake
roperties of the powders appreciably must be studied in detail in
he future.

NaHCO3 influenced not only the extent of the water uptake of
he powder mixtures, but also the kinetics of this process (Fig. 2).
n the first 3 min, a step could be seen in all of the curves; this was

ost marked for the powder mixtures with LV.

.2. Study of tablet disintegration

These tests were performed in consecutive steps. First, tablets
repared from the ternary powder mixtures were evaluated
Table 4). The tablets prepared from Metolose with different vis-
osities differed appreciably in behaviour. For LV, the time needed
or disintegration of the tablets with the highest Metolose con-
ent was approximately 10 min, which was slightly more than for
he other compositions. Thus, there was no prolonging effect in
hese tablets: only a few minutes was necessary for the complete
isintegration of the systems.
At higher viscosities, unexpected behaviour of the tablets was
xperienced. At 10% NaHCO3 content, a higher initial value was
bserved for both MV and HV Metolose, and thus the effect of
he effervescent component in these mixtures was not significant.

able 4
isintegration times (min) of tablets prepared from ternary powder mixtures

means ± SD).

Zn-ac:NaHCO3:Metolose
(%) (w/w/w)

LV MV HV

50:10:40 10.5 ± 0.8 31.5 ± 13.9 >480.0
50:15:35 10.4 ± 1.2 15.2 ± 4.3 153.3 ± 37.0
50:20:30 10.2 ± 2.0 21.6 ± 6.0 231.2 ± 74.1
50:25:25 7.3 ± 1.0 80.2 ± 10.2 336.8 ± 58.6
± 0.024 45.84 1.342 ± 0.025 56.37
± 0.121 45.76 1.332 ± 0.024 61.89
± 0.043 56.67 1.281 ± 0.106 66.56
± 0.062 65.15 1.372 ± 0.206 80.91

At higher NaHCO3 content, there was a continuous increase in
the duration of disintegration. For these tablets, the disintegration
time did not decrease with increasing amount of NaHCO3 as was
expected on the basis of contact angle measurements, but continu-
ously increased, so that there was a prolonged effect. The presumed
interaction appeared to be proven, as the composition and conse-
quently the properties of the powder mixtures changed on contact
with water. The more significant the interaction was, the greater the
extended behaviour of the system. It affected not only the water-
uptake properties of the powder mixtures, but also the duration of
disintegration.

To confirm this, other tests were performed. The duration of
disintegration of the polymers and the binary powder mixtures
containing Zn-ac and the different forms of Metolose were also
measured, was and were more than 8 h in every case. Hence, it can
be stated that the presence of NaHCO3 is necessary for the detected
disintegration time.

In the following step, the active agent, which is a necessary
component of the interaction, was substituted with lactose mono-
hydrate. The solubility of this component is similar to that of Zn-ac
in water and there is no known interaction between lactose and
the other components. The disintegration time of the tablets was
then measured again (Table 5). A decrease in the erosion time of
the tablets was detected with increasing content of NaHCO3. This
tendency was detected for every Metolose sample. In accordance
with expectations, the binding effect of the smaller amount of poly-
mer was insufficient to counteract the disintegration effect of the
gas-forming component. These tests emphasized the importance
of the interaction between the active and effervescent agent on the
erosion of the dosage form.

3.3. Buoyancy of matrix tablets

The gastric floating system involved sodium bicarbonate as a
gas-forming agent dispersed in the hydrogel matrix. On reacting
with hydrochloric acid, the bicarbonate ion is converted to carbon
dioxide in the form bubbles on the surface of the tablets, which
caused the tablets to float in the fluid for more than 4 h in vitro. On
the basis of the disintegration studies, it can be stated that only HV
samples might be appropriate for the formulation of a floating drug
in this study; floating lag times and buoyancy (Fig. 3) were deter-
mined visually. The floating lag time for the samples containing 10%
or 15% NaHCO3 was shorter than 1 min, while for the samples with
20% or 25% gas-forming agent it was 4.1 ± 0.7 min and 3.5 ± 0.3 min,

Table 5
Disintegration times (min) of tablets prepared from powder mixtures containing
lactose monohydrate (means ± SD).

Lactose:NaHCO3:Metolose
(%) (w/w/w)

LV MV HV

50:10:40 46.1 ± 9.1 >480.0 >480.0
50:15:35 23.8 ± 1.6 109.9 ± 13.5 >480.0
50:20:30 19.0 ± 1.1 62.8 ± 10.4 70.2 ± 16.6
50:25:25 14.3 ± 0.8 13.7 ± 1.2 20.4 ± 1.9
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of tablets (0–12 min).
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Fig. 3. Buoyancy

espectively. The samples with 10% or 15% NaHCO3 content floated
or only 17 min and 64 min, respectively, which is not appropriate
or the formulation of a floating system, whereas the samples with
0 or 25% gas-forming agent floated for a minimum of 4 h.

.4. In vitro dissolution study

From the results of the preformulation studies of the initial
welve compositions, the HV mixtures with higher NaHCO3 con-
ents (20% and 25%) proved be appropriate for an extended release
reparation. The dissolution characteristics of the sample with 20%
as-forming agent and 30% Metolose were studied (Fig. 4). It was
bvious, that the bulk of the active agent dissolved in the initial

eriod of time after coming into contact with the gastric acid, while
he dissolution of the remaining part was slow and continuous. The
nitial fast dissolution may be explained by the fact that the buoy-
ncy of the floating tablet in the stomach started 4 min after its
eaction with the gastric acid; during this time, the evolving gas

Fig. 4. Dissolution study.
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ermeated through the matrix leaving gas bubbles or pores which
ould have increased the rate of release of the active ingredient
rom the matrix. After that time, the gas bubbles were entrapped
n the gel layer, which could have slowed down the dissolution.

. Conclusions

Appropriate systems with prolonged disintegration times,
ppropriate buoyancy and controlled release can be formulated
rom Zn-ac by using NaHCO3 as gas-forming agent and Metolose
0 SH 100,000 SR as a matrix and gel-forming component. In this
ase, the low viscosity grades of the polymer were not appropriate.
lteration of the ratio of the excipients resulted in an unpredicted
ignificant influence on the properties of the dosage form. The inter-
ction between Zn-ac and NaHCO3 caused a relevant modification
n the water uptake of the powder mixture and in the disintegration
f the tablets. Independent tests revealed an interaction between
hese two components when they came into contact with water, so
hat prediction of the properties of the dosage form from the param-
ters of the starting components was impossible. This phenomenon
as applied to develop a prolonged effect. Through investigation of

he nature of this interaction, a better understanding of the process
ay be achieved. These technological aspects must therefore be

tudied with different chemical and biopharmaceutical tests. This
s a good example of significant changes induced by interaction in
he parameters of a new sensitive delivery system.

The floating study clarified what compositions may be suitable
or the formulation of a controlled delivery system. The dissolution
tudy demonstrated that the HV mixture with a higher NaHCO3
ontent appeared appropriate for an extended release preparation,
nd this composition will therefore be investigated from a chemi-
al aspect in the future. As the liberation of zinc in absorbable form
an be achieved, it will be favourable if the interaction is control-
able. These results may therefore be useful in the development
rom Zn-ac of a sustained release dosage form with a prolonged
astric residence time for the treatment of Wilson disease.
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