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Abstract

Background: An extended release pellet formulation (ACES®) of the weakly basic drug propiverine was devel-
oped with spheronized citric acid crystals as starter cores. Method: Coated pellets, consisting of several layers
of functional coatings, were manufactured by fluid bed coating. Different coating levels were examined with
regard to their effect on drug release. Release profiles from the formulations with or without pH modifier and
the free base as well as the hydrochloride salt of the active ingredient were compared. Results: The coated cit-
ric acid starter cores led to a controlled release of the drug and the pH modifier, resulting from modulation of
the microenvironmental pH throughout the dissolution period of 17 hours. If microcrystalline cellulose pel-
lets are used as starter cores drug release is strongly pH-dependent. Significant differences in the drug
release profiles were observed between the formulations containing the free drug base and those with the
hydrochloride salt as a result of an altered microenvironmental pH. Conclusion: The presented extended
release pellet formulation is able to maintain a low pH within the pellet core and thus a sufficiently high drug

solubility. By maintaining a low pH inside the pellets, a controlled drug release can be achieved.
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Introduction

Propiverine is an antimuscarinic drug used for the treat-
ment of overactive bladder syndrome or neurogenic
detrusor overactivity. Drugs with a comparable phar-
macodynamic profile are tolterodine and oxybutynine.

An immediate release (IR) sugar-coated tablet con-
taining 15 mg propiverine hydrochloride for twice-daily
administration was first approved in 1981 in Germany
(German Democratic Republic). In order to facilitate
dosing and to improve patient compliance, an extended
release (ER) pellet formulation containing 30 mg
propiverine hydrochloride for once-daily administra-
tion was developed.

The clinical rationale of the development of an ER for-
mulation of propiverine hydrochloride was to release the
drug substance at a constant rate within 24 hours. This
may result in a decrease of anticholinergic side effects

due to the constant plasma levels. Clinical studies with
the IR and the ER formulations showed that both dose
regimens were highly effective in controlling detrusor
overactivity and were well tolerated. The ER formulation
provides the additional advantage of an easy once-daily
administration as well as pharmacokinetic benefits'.

Many drugs are weak acids or bases or salts thereof.
Depending on their pK, value and the pH of the dissolu-
tion medium or intestinal fluid, they are present in
either their dissociated or nondissociated form.

The weakly basic drug propiverine is a tertiary amine
with a pK, value of 7.35. Its hydrochloride salt shows a
distinct pH-dependent solubility. In the case of IR
sugar-coated tablets, the drug is readily dissolved at the
low pH of the fasting stomach.

However, the challenge of the development of the
new propiverine ER formulation was the pH-dependent
solubility of propiverine hydrochloride in media within
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the pH range of the gastrointestinal lumen. At the pH
found in the stomach the drug is readily soluble. In the
small intestine and the colon, the solubility decreases
dramatically and precipitation of the poorly soluble free
base occurs. Precipitated drug cannot diffuse out of an
ER dosage form. The higher intestinal pH results in
incomplete drug release.

A pH-dependent drug release may result in variable
plasma levels and thus bioavailability problems. A better
control of drug release from such dosage forms is desir-
able to ensure a reliable drug therapy.

Several studies to overcome the problem of the pH-
dependent solubility of weakly basic drugs have been
published: One formulation approach involves the use of
blends of enteric and sustained release polymers as film
coating. In the gastric fluid, the enteric polymer is insolu-
ble and contributes to the retardation of drug release. In
the intestinal fluids, the enteric polymer dissolves and
the permeability of the coating film is increased?>.

Another formulation strategy to improve the release
of a weakly basic drug in the intestine is to incorporate
organic acids as pH modifiers into the formulation®'2,
These pH modifiers decrease the microenvironmental
pH inside the solid dosage form. The microenviron-
mental pH can be described as the pH of the saturated
solution in the immediate vicinity surrounding the
drug particles*. With decreasing microenvironmental
pH, drug solubility increases and drug release is
enhanced.

If an organic acid is used as pH modifier, the extent
and the duration of the pH-modifying effect strongly
depend on the aqueous solubility, acidic strength and
buffer capacity of the incorporated acid, and the solu-
bility of the salt formed with the drug. The ratio of the
amount of incorporated acid and that of the drug can
influence drug release enhancement™5,

Atleast a portion of the pH modifier should be present
inside the dosage form over the entire time period of
drug release to maintain the pH-modifying effect®. To
prevent rapid diffusion of the soluble organic acid out of
the pellet, a coating barrier is recommended’'°. The
desired drug release is only maintained if the acidic
compound does not diffuse through this coating mem-
brane or out of the pellets faster than the drug itself.

As acid modifiers differ with regard to their solubility
and their pK, value, the selection of a suitable organic
acid is crucial in the development of a drug delivery
system for a weakly basic drug.

The effect of the pH modifiers adipic acid, fumaric
acid, succinic acid, and tartaric acid on the release of
dipyridamole from extruded and spheronized pellets
was investigated by Warren et al.!' In general, the
decrease of the microenvironmental pH led to an
improved drug release. However, differences in drug
release were found depending on the type of acid used.
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Only minimal drug release was observed as soon as the
acid had left the pellet.

Fumaric acid was used by Munday et al.? to create an
acidic environment within the core of verapamil hydro-
chloride containing pellets, coated with a blend of
Eudragit® RS and hydroxypropyl methylcellulose ace-
tate succinate (AQOAT®). Incorporation of 5% and 10%
fumaric acid, respectively, into the pellet core led to
enhanced drug release.

In a study by Guthmann et al.'?, different organic
acids were incorporated into ER pellets, prepared by
extrusion and spheronization followed by film coating
with an aqueous polyvinylacetate/polyvinylpyrrolidone
dispersion (Kollicoat® SR 30 D). The addition of fumaric
acid caused a decrease of the pH within the core pellets
during release of the weakly basic drug. Increased release
rates even at higher pH values were observed leading to a
pH-independent drug release. In contrast, drug release
remained pH-dependent with pellets containing tartaric
or adipic acid, which can be explained by the lower acidic
strength and higher aqueous solubility of these acids.

Another approach is based on coated tartaric acid
crystals as starter cores’. A blend of sustained release
and enteric polymers was used as coating material for
the tartaric acid crystals. The weakly basic drug was
layered onto these coated cores. Subsequently, an
overcoat consisting of sustained release and enteric
polymers was applied. The use of polymer blends in
both coating layers resulted in a significant retardation
of tartaric acid release. However, tartaric acid release
was faster than drug release. From these results, it was
concluded that pH modifiers such as succinic or fumaric
acid with a rather low aqueous solubility are required for
maintaining the acidic microenvironmental pH within
the dosage form.

In two patents, citric and tartaric acid were used in
the form of coated starter cores for manufacture of drug
delivery systems containing weakly basic drugs®®. These
readily soluble acids form a slowly depleting reservoir.
Due to the enteric coating on the starter cores, a gradual
increase in the organic acid release can be obtained. The
suitability of this strategy has been demonstrated with
diffusion pellets, consisting of coated citric acid cores
and the drug dihydroergotamine methane sulfonate'®.

This study deals with the development of a propiverine
ER pellet formulation containing coated citric acid
pellets as starter cores'>. A blend of enteric polymers
was used as coating material for the citric acid starter
cores. Pellets, comprising several coating layers, are
manufactured by a fluid bed coating procedure. The
formulation principle, based on membrane-coated
multiple units, is illustrated in Figure 1.

The coated citric acid cores are able to create an acidic
microenvironment leading to a high drug solubility inside
the pellet formulation. Drug release, which is controlled
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20.1% Eudragit® L/S 1:1
coating

Citric acid
crystal

mean diameter:
1060+ 115um

9.6% extended release coating
(Eudragit® RS/RL/S 2:1:2)

Figure 1. Propiverine hydrochloride ER pellets (ACES®—acid
controlled extended release system).

by the microenvironmental pH and the functional poly-
mer layers that surround each pellet, proceeds at an
almost constant rate.

The aim of this study was to investigate a novel ER
propiverine drug delivery system to confirm the effect of
an acidic microenvironment on drug release and to cor-
relate drug release with the release of the pH modifier.
Another objective of this study was to evaluate and
compare the effect of the form of the drug (i.e., free base
or hydrochloride salt on drug release from ER pellets).

Materials and methods

Materials

The following chemicals were obtained from commer-
cial suppliers and used as received: propiverine hydro-
chloride (APOGEPHA Arzneimittel GmbH, Dresden,
Germany); anhydrous citric acid medium granular
(Roche Citrique Belge N.V., Tienen, Belgium); Cellets®
700 (IPC Process Center GmbH, Dresden, Germany);
Eudragit® RL 12.5 solution, Eudragit® RS 12.5 solution,
Eudragit® S 12.5 solution, and Eudragit® L 12.5 solution
(Rohm GmbH & Co. KG, Darmstadt, Germany);
triethylcitrate (Merck KGaA, Darmstadt, Germany);
Kollidon® 25 (BASF, Ludwigshafen, Germany); Sorbolac®
400 (Meggle GmbH, Wasserburg, Germany); 2-propanol
(Merck KGaA); magnesium stearate (Merck KGaA); and
talc (Merck KGaA). All other reagents were of analytical
grade and were used without further purification.

Methods

Solubility/pH profiles of propiverine hydrochloride
and its corresponding base

The drug solubility was determined by adding propiver-
ine hydrochloride or propiverine base with a magnetic
stirrer to 50 mM buffer solutions over 2 hours at 37°C
until equilibrium is reached. A sample volume of 5 mL
of the saturated solution was filtered through a

membrane filter, diluted to avoid crystallization, and
filled in a high-performance liquid chromatography
(HPLC) vial. Solubility of propiverine was determined
with HPLC (DIONEX GmbH, Idstein, Germany; HPLC
containing autosampler; pump HPG 680; column oven;
detector UVD 340; column: RP-C8, 5 um, 125 X 4 mm;
UV detection at wavelengths 205, 210, and 220 nm; col-
umn oven TCC 100, 40°C; mobile phase: mixture of 560
mL 5 mmol potassium dihydrogenphosphate adjusted
to pH 1.0 with phosphoric acid and 440 mL acetonitrile,
flow rate 1.0 mL/min).

Manufacture of ER pellets

Multilayer coated pellets were prepared in a Hiittlin
Unilab-05-TJ fluid bed coater (Hiittlin GmbH, Steinen,
Germany) using 2-propanol and water as solvents. The
real coating level (%, w/w) was calculated as follows'*:

Real coating level =
(weight of finished coated pellets (g)

—weight of 1 11
1005 ZVei8 t of loaded pellets (g))

weight of loaded pellets (g)

The following manufacturing steps were performed.

Spheronization of citric acid crystals by fluid bed
coating. In a first fluid bed coating step, a sieved frac-
tion of 0.71-1.0 mm granular crystalline citric acid was
coated with a suspension of dissolved povidone, citric
acid, dispersed micronized lactose and talc. Povidone
acts as binding agent, citric acid as pH modifier, lactose
as filler, and talc as glidant. Through this manufacturing
step, the roundness of the citric acid crystals is
improved and sharp edges of the crystals are removed.
Eudragit® L/S coating of citric acid starter cores. In a sec-
ond coating step the spheronized crystals were coated
with a Eudragit® L/S (1:1) layer to control citric acid
release. Other functional excipients of the coating sus-
pension were triethylcitrate as plasticizer and talc as
glidant. The coating level was 20.1% (w/w).

Drug layering onto the enteric coated pellets. For drug lay-
ering, a suspension containing the dissolved drug
substance, povidone, citric acid, suspended talc, and
magnesium stearate is sprayed onto the pellets. The drug
content of the pellets after this manufacturing step is
approximately 22% (w/w).

Protective coating to prevent drug abrasion. Mechanical
abrasion is prevented by a thin protective layer consisting
of povidone and talc, which was sprayed immediately onto
the drug-layered pellets. The coating level was 1.0% (w/w).
Extended release coating. The ER coating layer consists
of a polymer blend of two gastrointestinal tract-insoluble
but permeable polymers (Eudragit® RS/RL) and a pH



dependent soluble polymer (Eudragit® S) in a ratio of
2:1:2. Fudragit® RS and Eudragit® RL represent the
insoluble polymer portion, whereas Eudragit® S, which
is soluble in the distal small intestine, makes the diffu-
sion layer more permeable in the distal segments of the
intestine by elution from the film. The composition of
this coating layer was the result of preliminary experi-
ments. Triethylcitrate was used as plasticizer and talc as
glidant. The coating level was 9.6% (w/w).
Outer enteric coating. The outer enteric coating layer
consists of Eudragit® S, which is soluble in intestinal
fluids above pH 7. The role of this coating layer is to
decrease the initial drug release during the first hours in
order to achieve controlled release. The coating level
was 3.6% (w/w).

To remove residual solvents, the multilayer coated
pellets were dried for 50 hours at 70°C in a tray drier.

In vitro citric acid and drug release

Quantification of citric acid release from Eudragit®
L/S-coated citric acid starter cores. Dissolution  studies
were performed at 37°C using the USP apparatus 1
(Erweka DT 800; Erweka GmbH, Heusenstamm,
Germany; basket, 100 rpm). The dissolution medium was
hydrochloric acid (0.1 mol/L) and the dissolution time
period was 16 hours. The quantification of citric acid was
carried out by potentiometric determination of the first
equivalence point of citric acid with 0.1 mol/L sodium
hydroxide solution (Mettler Titrator DL 58 with
Solvotrode; Mettler-Toledo GmbH, Giessen, Germany).
The calibration curve had a regression coefficient of 0.99.
Drug release from ER pellets. Dissolution studies were
performed according to the FIP Guidelines for Dissolu-
tion Testing of Solid Oral Products'® at 37°C using the
USP apparatus 1 (Erweka DT 800). Drug release media
were hydrochloric acid (0.1 mol/L) for 1 hour and then
USP phosphate buffer (pH 5.8 and 6.8) for 16 hours.
These pH values are close to the pK, value of the drug
substance. At both pH values sink conditions are
retained. Phosphate buffer (pH 5.8) was used as disso-
lution medium for routine dissolution testing, because
the drug substance shows a very low dissolution rate in
phosphate buffer (pH 6.8).

The concentration of propiverine in the dissolution
media was measured spectrophotometrically with an
online-coupled UV/VIS method at 239 nm at a back-
ground wavelength at 247 nm (Photometer Beckman
DU 640i; Beckman Coulter, Inc., Fullerton, CA, USA).
Quantification of citric acid release from final coated
propiverine hydrochloride ER pellets. In order to inves-
tigate the effect of the pH modifier citric acid on the ER
of propiverine hydrochloride, the release of citric acid
itself was determined. Dissolution studies were performed
at 37°C using the USP apparatus 1 (Erweka DT 800). Dis-
solution media were hydrochloric acid (0.1 mol/L) for
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1 hour, then USP phosphate buffer (pH 5.8) for 16
hours. Citric acid concentration was measured by HPLC
[DIONEX GmbH, Idstein, Germany; RP-column:
Ultrasep ES FS; Sepserv, 5 um, 125 X 3 mm, mobile
phase: 10 mM phosphoric acid (pH 2.9), pump HPG
680, flow rate: 0.55 mL/min, column oven TCC 100,
30°C, UV detection at 210 nm, Detector UVD 340U,
degasser, autosampler Gina 50].

Preparation of the free base propiverine

Propiverine hydrochloride was dissolved in purified
water. The drug containing solution was stirred while
adding an aqueous ammonium hydroxide solution. The
precipitated propiverine free base was washed with
water and vacuum-dried. The propiverine base was
used in powdered form for the drug-layering process.

Characterization of spheronized citric acid crystals

by means of Automatic image analysis

Automatic image analysis is an appropriate tool for the
characterization of size and shape of particles. The
roundness (%) and aspect ratio values of spheronized
citric acid crystals were determined by an Image
Analyser (Leco IA 32; Leco Instrumente GmbH,
Monchengladbach, Germany; microscope MZ 12.5 with
PixeLink digital camera, n = 100).

Results and discussion

Solubility of propiverine hydrochloride and its
corresponding base

The drug is extremely poorly soluble in aqueous media
with pH values above 6.5. At pH values below 5.51 the
solubility exceeds 7.31 g/L, at pH 6.62 it decreases to
about 0.57 g/L, and above pH 8 it is practically insolu-
ble. Solubilities of propiverine hydrochloride and its
corresponding base in buffer solutions at different pH
values are shown in Figure 2.

The pH-dependent solubility can be explained by the
weakly basic nature of propiverine. As demonstrated in
Figure 3, a dissociation equilibrium of propiverine
hydrochloride and its corresponding base exists.

Propiverine as a base will be protonated at lower pH
values and turns soluble, whereas at higher pH values it
is insoluble as an uncharged molecule. Therefore, the
solubility of propiverine hydrochloride decreases with
increasing pH values.

Eudragit ®1./S-coated citric acid starter cores

In order to prevent a pH-dependent precipitation of the
poorly soluble uncharged molecule form of propiverine
inside the multiparticulate system, granular-shaped
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—@— Propiverine hydrochloride
-+ O - Propiverine base

Saturation concentration (g/L)
N

55 6.0 6.5 7.0 7.5 8.0
pH value of the solution

Figure 2. Solubility/pH profile of the drug in 0.05 M phosphate
buffers at 37°C.

citric acid crystals with a roundness of about 79% and
aspect ratio values of about 1.26 are used as starter cores.

However, the most common shape of individual
starter cores for the development of controlled release
multiparticulate formulations is a sphere, as a spheroid
has a minimum surface to volume ratio, with a consis-
tent and defined surface for drug release. Therefore, the
citric acid crystals are spheronized in the fluid bed with
a povidone containing suspension. Due to interparticu-
lar friction between the particles the roundness of the
crystals is improved to about 83%. Citric acid crystals
show a smooth surface and a spherical shape after
spheronization in the fluid bed coating equipment.

Ideally, citric acid as pH modifier should dissolve
slowly and remain within the pellet during the entire
time period of drug release. Therefore, a release con-
trolling coating layer is necessary. A blend of enteric
coating polymers was used to control citric acid release.
In Figure 4, the effect of the coating level on citric acid
release is shown.

Due to the shape of the crystals with comparatively
low roundness—and aspect ratio—values and thus an
inhomogenous coating thickness, retardation of citric
acid release through this coating film is not very effective.

The influence of different Eudragit® L/S (1:1) coating
levels on coated citric acid pellets on drug release was
also investigated. All four different batches of coated
starter cores were used to manufacture the final coated
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Figure 4. Effect of different Eudragit® L/S (1:1) coating levels on
citric acid release from coated citric acid pellets (means * SD, n = 6,
dissolution medium: 0.1 mol/L hydrochloric acid).

pellets. Figure 5 shows the drug dissolution profiles
from these formulations.

Citric acid cores coated with Eudragit® L/S (1:1) at
6.7%, 10.0%, and 20.1% coating levels increase drug
release from final coated pellets. In contrast, a coating
level of 3.3% resulted in a significant decrease in drug
release, which can be explained by the too thin and thus
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Figure 5. Effect of different coating levels of Eudragit® L/S (1:1)
applied to the citric acid cores on drug release from the final coated
pellets (9.6% ER and 1.8% final enteric coating) [means + SD, n = 6,
dissolution medium: phosphate buffer (pH 5.8)].
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Figure 3. Dissociation equilibrium of propiverine hydrochloride and its corresponding base.



porous coating film. Therefore, the highest coating level
was chosen for the formulation development of propiv-
erine hydrochloride ER pellets.

Propiverine hydrochloride ER pellets

Drug release from coated multiparticulate dosage forms
can occur by diffusion, osmosis, and polymer erosion!®.
A combination of these mechanisms usually occurs in
every drug delivery system, with each mechanism con-
tributing to a different extent!”8,

In the case of propiverine hydrochloride ER pellets,
gastrointestinal fluid will enter the core on contact with
this aqueous environment. Subsequently, dissolution of
the drug and the pH modifier within the pellet core
starts. Due to the good solubility of the drug as well as of
citric acid, an osmotic pressure builds up in the acidic
microenvironment inside the pellet core. The osmotic
pressure allows the drug and the citric acid to diffuse
through the functional coating layers into the surround-
ing dissolution medium.

To study the effect of the coating level on the dissolu-
tion rate different coating levels of the outer functional
coatings were examined (Figure 6).

As expected, the release of propiverine from ER pel-
lets is reduced at higher coating levels. However, the
drug diffuses out of the pellets even at high coating lev-
els. This may be explained by its good solubility in the
acidic microenvironment inside the pellet cores.

Release of the pH modifier citric acid was also deter-
mined at all coating levels to better understand the drug
release mechanism. In Figure 7, the effect of the coating
level on citric acid release from propiverine hydrochlo-
ride ER pellets is shown.

As observed with drug release, citric acid release from
the pellets is reduced at higher coating levels. Interestingly,
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Figure 6. Effects of different coating levels on drug release from
coated pellets [means + SD, n = 6, dissolution medium: phosphate
buffer (pH 5.8)].
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Figure 7. Effect of different coating levels on citric acid release from
coated pellets [means * SD, n = 6, dissolution medium: phosphate
buffer (pH 5.8)].

it is slower than drug release at all coating levels. This is in
good agreement with the hypothesis of an acidic microen-
vironment inside the pellets. Obviously, citric acid indeed
works as a pH modifier and remains in the pellet system
during the entire period of drug release.

Generally, the overall goal in developing controlled
release drug delivery systems containing weakly basic
drugs is a pH-independent release system. However,
drug release from the novel propiverine hydrochloride
ER pellets still depends somewhat on the pH value of
the dissolution medium.

In Figure 8, drug release profiles from the final
coated propiverine hydrochloride ER pellets in buffer
solutions of different pH values are shown.
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Figure 8. Effect of the pH on drug release from final coated pellets
(9.6% ER and 3.6% final enteric coating) containing coated citric acid
pellets as pH modifier (means = SD, n = 6).
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As illustrated in Figure 8, drug release profiles are
superimposed during the first 11 hours. Citric acid works
as a pH modifier and remains in the pellets during the
entire period of drug release. Obviously, at pH 6.8, citric
acid is unable to modify the pH value inside the pellet
effectively longer than 11 hours, and propiverine starts
to precipitate out. If the pH is close to the pK, value of
the drug, even minimal changes in the pH can consider-
ably alter ionization and hence affect solubility. Under
dissolution conditions of pH 5.8, which is far below the
pK, value of the drug, precipitation does not take place.

Propiverine hydrochloride ER pellets without pH
modifier

To evaluate and compare the effect of microcrystalline
cellulose pellets (Cellets®) as starter cores on drug
release from final coated propiverine hydrochloride ER
pellets, dissolution studies were performed in the same
buffer media of different pH values.

Figure 9 illustrates that drug release profiles are signif-
icantly different if no acid modifier is incorporated into
the pellet formulation. This is in agreement with the
above-mentioned hypothesis of the formation of an
acidic microenvironment by citric acid inside the pellets.

Propiverine ER pellets

In order to investigate the effect of the uncharged form
of the drug, propiverine ER pellets were manufactured
using equimolar quantities of its corresponding free
base. Coated pellets with and without outer enteric
coating layer (Eudragit® S) were investigated.

From a theoretical point of view, drug release from
ER pellets containing propiverine should be slower
than that from propiverine hydrochloride ER pellets,
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Figure 9. Effect of the pH on drug release from final coated pellets
(9.6% ER and 3.6% final enteric coating) containing no acid modifier
(means £ SD, n =6).
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Figure 10. Effect of the free base and the hydrochloride salt form of
active ingredient on drug release from 9.6% ER coated pellets [means
+ 8D, n = 6, dissolution medium phosphate buffer (pH 5.8)].

because the uncharged form of the drug has to be trans-
formed into the readily soluble salt form before diffus-
ing out of the pellet formulation. This transformation
can only take place, if citric acid diffuses out from the
inner core of the pellet into the drug layer. Because of
the Eudragit® L/S coating of the citric acid starter cores,
a steady citric acid release controls the microenviron-
mental pH inside the pellet ultimately leading to an ER
of the drug substance.

Dissolution profiles of propiverine ER pellets

without enteric coating

A significant difference in drug release was observed
between the formulations with propiverine and those
with the hydrochloride salt.

In Figure 10, the effect of the different drug forms of
active ingredient on drug release from ER coated pellets is
shown. As illustrated in this figure, drug release from the
hydrochloride ER pellets is faster compared to that from
propiverine ER pellets. The slower drug release from
propiverine ER pellets may be explained by the time-
consuming transformation of propiverine into the soluble
salt form, caused by a comparatively higher microenvi-
ronmental pH inside the pellets. Whereas the readily
soluble propiverine hydrochloride dissolves fast (pH of an
aqueous solution is about 3.0), citric acid is necessary for
the dissolution of propiverine base, which is released
from the coated starter cores. As a result of this transfor-
mation process due to the considerably higher microenvi-
ronmental pH, the onset of drug release is delayed.

Dissolution profiles of propiverine ER pellets

with enteric coating

The effect of the free base and the hydrochloride salt
form of active ingredient on drug release from the final
enteric coated pellets is illustrated in Figure 11.
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Figure 11. Effect of the free base and the hydrochloride salt form of
active ingredient on drug release from 9.6% ER and 3.6% final enteric
coated (ER) pellets [means * SD, n = 6, dissolution medium: phos-
phate buffer (pH 5.8)].

Surprisingly, drug release from propiverine ER pellets
was comparatively faster during the first 8-10 hours. This
effect can also be attributed to the higher microenviron-
mental pH inside the pellets containing the free base.

Apparently, in the case of propiverine hydrochloride
ER pellets, the outer enteric coating layer is stabilized by
citric acid diffusing out from the inner cores. The outer
enteric coating layer dissolves faster at a comparatively
higher microenvironmental pH inside the pellets,
which may be observed with the propiverine ER pellets
within the first 8-10 hours as well as with the propiver-
ine hydrochloride ER pellets at a later time.

Conclusion

The presented ER pellet formulation containing citric
acid (ACES®) is able to maintain a low pH within the
pellet core and thus a sufficiently high drug solubility.
Therefore, the precipitation tendency of the poorly sol-
uble propiverine base is reduced. By maintaining a low
pH inside the pellets, a controlled drug release can be
achieved.

The advantage of this formulation design as com-
pared to other drug delivery systems with pH modifiers
is the high proportion of readily soluble citric acid,
ensuring a low microenvironmental pH throughout the
entire time course of drug release. Due to the Eudragit®
L/S (1:1) coating on the spheronized citric acid crystals,
the release of the pH modifier proceeds gradually from
a slowly depleting reservoir.

The incorporation of coated citric acid starter cores
in propiverine hydrochloride ER pellets decreases the
pH dependency of the drug solubility. If no acid modi-
fier is incorporated into the pellet formulation, drug
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release is strongly pH-dependent. Furthermore, drug
release depends on the film thickness of both outer
functional coatings, which can be used to modify the
drug release rate. Citric acid release from propiverine
hydrochloride ER pellets is slower than drug release at
all coating levels.

These results confirm the hypothesis of an acidic
microenvironment inside the pellets of this novel drug
delivery system. If the uncharged form of the drug was
used, significant differences in the drug release profiles
were observed between the ER formulations of the free
base and those of the hydrochloride salt. This is caused
by an altered microenvironmental pH inside the pellets.

Declaration of interest: The authors report no conflicts
of interest.
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