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ABSTRACT 

In vitro preformulation testing has shown that the solubility and dissolution rate 
of the model drug compound ucb 11056 are highly pH dependent. Considering this, 
different sustained-release (SR) oral dosage forms of ucb 11056 were developed 
aiming to obtain the most constant and complete release of the drug during tran- 
sit in the gastrointestinal (GI) tract. Classical approaches based on the use of SU 
formulations such as hydrophilic matrix tablets or pellets coated with one film- 
forming polymer (EudragiP NE3OD or L3OD-55) did not fuljill all expectations on 
the basis of their in vitro evaluation, i.e., the drug release and pattern remained 
highly dependent on the pH of the dissolution medium. Therefore, taking advan- 
tage of the jlexibility of release adjustment obtainable from coating of pellets with 
different kinds of pH-sensitive film layers, a quite satisfactory pH independence of 
the release characteristics was obtained using formulation blends of neutral and 
anionic acrylic polymers. For the selected SR pellets batch 15 coated with NE3OD/ 
L3OD-55 (7:3), the tridimensional topographic representation of the drug release 
versus time and pH showed that, notwithstanding the pH-dependent aqueous solu- 
bility of the drug, the release profiles were relatively homogeneous for any pH 
value ranging between 1 and 7. 
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INTRODUCTION 

The recent progresses in the pharmaceutical manufac- 
turing technology are most probably one of the reasons 
for the increasing popularity of sustained-release (SR) 
dosage forms. In this respect, oral SR dosage forms 
such as coated pellets and matrix tablets have become 
popular in drug therapy as attempts are being made to 
extend the biological half-life of certain drugs. 

I t  is generally admitted that multiple-unit dosage 
forms such as pellets present some biopharmaceutical 
advantages, particularly regarding the duration and the 
individual reproducibility of the gastric emptying, in 
comparison with larger single-unit dosage forms. In 
general, it can be said that particles as large as about 2- 
3 mm contained in multiple-unit forms appear to be 
small enough to pass through the contracted pylorus and 
thus, empty gradually and to some extent more predict- 
ably from the stomach. On the other hand, solids larger 
than 7 mm are merely emptied from the stomach in the 
fasted state consecutive to the housekeeper wave activ- 
ity during the interdigestive phase (I) .  Moreover, be- 
cause for multiparticulates each dose consists of many 
subunits, there is better statistical assurance of drug 
release, and the risk of dose dumping is equally subdi- 
vided ( 2 ) .  

The development of SR oral dosage forms requires 
the knowledge of the physicochemical and pharmacoki- 
netic properties of the active substance, especially the 
solubility at the physiological pHs and the absorption 
rate and extent at the different sections of the gas- 
trointestinal (GI) tract. 

In this view, the use of SR forms such as film-coated 
pellets permits the adjustment of specific membrane 
properties for each particular case. The great deal of 
flexibility in formulation of these forms allows, for most 
drugs, high-quality pharmaceutical dosage forms with 
optimal release characteristics to be designed. (3). 

The use of pharmaceutical film coating additives, 
such as plasticizers (4-6), insoluble powders (7-9), or 
pore-forming agents (10,l l ) ,  is often necessary to im- 
prove the workability and/or to obtain optimal barrier 
properties. 

For the same reasons, the use of polymer blends 
might offer a wide range of applications for the formu- 
lation of film-coated controlled-release dosage forms 
(12,13). In particular, the anionic acrylic polymers with 
graded solubility in the pH range 5.5-7.0 (EudragitP 
L30D-55, L100-55, L100, and S100) can be mixed in 
any proportions with the neutral acrylic polymer 
(Eudragit NE30D). The permeability of films obtained 
from these blends increases at intestinal pHs as a func- 

tion of the content of anionic enterosoluble polymers. 
Such coatings could be especially useful for drugs such 
as theophylline (14,15) or metoprolol (16) which are 
well absorbed through the GI tract but have a slower 
absorption rate in the colon (small absorptive area) or, 
as in this case, for a drug showing reduced solubility 
and dissolution rate at intestinal pH values. 

The model drug (laboratory code ucb 11056) taken 
to illustrate the development approach in this paper is 
a substance with central nervous system (CNS) proper- 
ties under investigation at UCB S.A.  Pharma Sector, 
R&D, Braine-1' Alleud, Belgium; its activity in humans 
is expected to be in the 100-1000 mg/day dose range. 
A sustained and/or controlled delivery of this drug in 
the GI tract is justified in order to overcome its rela- 
tively short biological half-life (0.5-1.0 hr) and to in- 
crease the extent of the safety margin by reducing the 
incidence of dose-dependent side-effects such as vom- 
iting. Moreover, it is a poorly water-soluble weak or- 
ganic base (pK, 4.90, 25.0"C) expected to show irregu- 
lar and incomplete absorption in the GI tract when 
administered by means of classical monolithic delivery 
systems, since its solubility and subsequent release are 
highly dependent on pH changes. 

The aim of this work was to evaluate both the in 
vitro and in vivo performances of different SR oral for- 
mulations of ucb 11056. The in vitro development and 
evaluation are described in the present paper, and the in 
vivo evaluation in the beagle dog of selected dosage 
forms is described in a second publication. 

In accordance with preformulation data obtained from 
solubility and intrinsic dissolution rate studies, different 
SR oral dosage forms of ucb 11056 were developed in 
order to obtain the most constant and complete release 
of the drug in the GI tract. For this purpose, the drug 
release was controlled by using a single-unit modified 
hydrophilic matrix tablet system and also various mul- 
tiunit film-coated pellets. For the latter, the drug-loaded 
pellets were coated by blends of neutral (Eudragit 
NE30D) and anionic methacrylic acid copolymer 
(Eudragit L30D-55) in order to overcome a number of 
shortcomings related to the poor and pH-dependent 
aqueous solubility of the substance. 

EXPERIMENTAL 

Materials and Methods 

Determination of the Drug Solubility and Intrinsic 
Dissolution Rate 

The influence of the pH of the dissolution media on 
the solubility and the intrinsic dissolution rate of ucb 
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1 1056 was evaluated by using different phosphate-ac- 
etate buffer solutions (0.05 M) with pH values ranging 
from 1 to 7 and containing 0.05% w/w polysor'bate 80. 
All determinations were performed in triplicate. 

The solubility at saturation was determined after a 
24-hr stirring period of suspensions of the drug in the 
different buffer solutions (pHs 1, 3, 5, and 7) thermo- 
statically controlled at 37.0°C, the solute drug concen- 
tration being determined after filtration and suitable di- 
lutions by UV spectrophotometry at 235 nm. 

The intrinsic dissolution rate was determined after 
compacting, at high compression strength (100 kN), a 
mixture of 80% drug and 20% microcrystalline cellulose 
into a disk (1.30 cm diameter) by means of a manual 
hydraulic press. A constant surface area was obtained by 
introducing the tablet into a stainless steel die, which 
was previously lined with silicone grease. The intrinsic 
dissolution rate constant (mg/cm2/min) was determined 
using the USP XXIII dissolution apparatus no. 2 
(paddle) in 500 ml of medium (pHs 1.3, 3, 3.5, 5, and 
7) at 37.0"C with a stirring rate of 60 rpm. The 
progress of dissolution was followed by continuous 
automated sampling of the dissolution medium and di- 
rect drug assay by UV spectrophotometry at 235 nm. 

Preparation of ucb 11056 Oral Dosage Forms 

Pellets of ucb 11056 having a mean diameter of 1 
mm, containing approximately 60% drug, microcrystal- 
line cellulose (Avicel@ pH 101), and polyvinylpyrroli- 
done (Plasdone@ K25), were prepared by extrusion- 
spheronization. SR coats were obtained by using blends 
of Eudragits NE30D and L30D-55 (Rohm GmbH, 
Pharma Polymers, Darmstadt, Germany). The ratio 
between the neutral (NE30D) and the anionic (L30D-55) 
acrylic polymer in the coating dispersion blends was, 
respectively, 10:0, 9: 1, 8:2, 7:3, and 0: 10. Hydrophilic 
pore-forming ingredients (Pharmacoat 606@ and lactose) 
and talc were incorporated to the coating dispersions in 
order to improve the processing and/or to control the 
permeability of films. 

The preparation of coating dispersions and the con- 
ditions adopted during the coating process are similar to 
those described in a previous study (17). 

The mean coating level of the different batches of 
coated pellets was around 7.6%, and no curing stage 
was required to stabilize the drug release. 

Two batches of film-coated pellets containing 
Eudragits NE30D/L30D-55 ratios of 9:l and 7:3 (SR 
pellets batch 11 and 15, respectively) were finally se- 
lected for the in vivo experimentation. Quantities of 
coated pellets corresponding to 125 mg ucb 11056 were 
filled into size 1 white-opaque hard gelatin capsules. 

SR hydrophilic matrix tablets (SR matrix batch 74) 
containing 125 mg drug, approximately 30% of a high- 
viscosity grade hydroxypropylmethylcellulose (Methocel 
K4M), about 4% of citric acid (as acidifying agent in- 
tended to locally increase the drug solubility), and pre- 
senting a mean weight and a diameter of 700 mg and 13 
111111, respectively, were prepared by direct compression. 

Instant-release doses of 62.5 mg ucb 11056 (half- 
dose content compared to the SR dosage forms), given 
as white-opaque hard gelatin capsules size 3 filled with 
the bulk powder (IR capsule batch 910306), were also 
prepared for the in vivo experimentation as a reference 
form. 

In Vitro Dissolution Studies of Dosage Forms 

In vitro dissolution tests were performed using the 
USP XXIII dissolution apparatus no. 2 (paddle) thermo- 
statically controlled at 37.0"C with a stirring rate of 60 
rpm. The dissolution medium was a phosphate-acetate 
buffer (0.05 M) containing 0.05 % w/w polysorbate 80. 

The dissolution tests were conducted according to a 
pH-gradient procedure intended to simulate the pH 
variations during transit of the form in the GI tract (17). 
Samples of dosage forms, equivalent to 125 mg drug 
load, were placed in the dissolution medium and drug 
release was assayed (n = 5 replicate tests for each dos- 
age form) by UV spectrophotometry at 280 nm using an 
automated PU 8605160 tablet dissolution monitoring 
system (Philips Analytical, Cambridge, UK). 

Conversely, in vitro dissolution tests of selected dos- 
age forms were also performed as described, except that 
the pH of the dissolution medium was kept constant 
over time at different fixed values (1-7) in order to 
determine the influence of pH on drug release. The drug 
release profiles obtained were presented using a multi- 
dimensional topographic representation ( 18). 

RESULTS AND DISCUSSION 

Drug Solubility and Intrinsic Dissolution Rate 

Figure 1 shows the solubility and intrinsic dissolution 
rate profiles of ucb 11056 as a function of the different 
pH values ranging between 1 and 7. The solubility of 
this drug is pH dependent, consistent with the behavior 
expected from a weak base, being soluble in acidic 
media (54.2 mg/ml at pH 1.3) but only slightly soluble 
at more neutral pH values (3.41 mg/ml at pH 7.0). 

Conversely the intrinsic dissolution rate of ucb 11056 
decreases more than five times (from 2.61 to 0.49 mgl 
cm2/min) when the pH of the dissolution medium is 
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Intrinsic dissolution rate (mglcm’ Imin) 

-1ntr. dlu. rate ....................... 

. . . .  
............................................. 

. . . . . . . . . . . . . . . . .  

60 120 180 240 300 360 

Time (min.) PH 

Figure of the pH of medium on the aqueous 
solubility (mg/ml) and intrinsic dissolution rate (mg/cm2/min) 
of ucb 11056 bulk compound. 

Figure 2. Release profiles of ucb 11056 from uncoated pel- 
lets in aqueous media with different pH values (1.3, 5.0, and 
6.9). 

increased from 1.3 to 7.0. This important decrease is 
already observed from pH 3.5 onward, the value of 
which is known to represent a usual gastric pH in hu- 
mans under fed conditions. Nevertheless, even the low- 
est dissolution rate values observed are still superior to 
0.1 mg/cm2/min, the latter being generally recognized 
as a limit value below which dissolution-related 
bioavailability problems are expected to occur. 

Development and In Vitro Evaluation of 
Sustained-Release Oral Formulations 

As a consequence to this pH-dependent solubility 
behavior, the drug release in solute state from any dos- 
age form and, subsequently therefore, the apparent bio- 
logical absorption rate of the active compound, might be 
highly dependent on the physiological pH variations 
encountered in the GI tract. 

This is already apparent from the release kinetics of 
ucb 11056 from crude pellets (uncoated) as illustrated 
in Fig. 2. Although drug release is very fast at pH 1.3 
(almost 100% available after 20 min), a substantial de- 
crease of the release rate is noticed at pH 5.0 and fur- 
ther at 6.9, where more than 6 hr is necessary to 
achieve the release of the total dose content. 

Two approaches were considered in an attempt to 
overcome the solubility-related shortcomings of the 
drug. 

First, ucb 11056 was formulated as a standard SR 
hydrophilic matrix tablet containing additionally a small 
amount of citric acid. Despite the presence of this acidi- 

fying agent intended to enhance drug dissolution in an 
unfavorable pH environment (i.e., when the dosage 
form moves toward the intestine), this approach was not 
seen to fulfill all expectations, at least on the basis of 
its in vitro evaluation, which will be detailed. 

A second option was therefore considered, taking 
advantage of the flexibility of release adjustment obtain- 
able from pellets coated with different kinds of pH-sen- 
sitive film layers. In this new approach, which is more 
specifically the topic of this paper, the objective was to 
obtain a better control of the release characteristics all 
over the physiological pH range. For instance, regard- 
ing the appropriate solubility of the drug in acid media 
combined with the important surface area offered for 
dissolution by the multiunit dosage forms, the coating 
material must first be able to slow the release charac- 
teristics in gastric pH conditions. Conversely, as soon 
as the dosage form arrives in the intestine, the film 
permeability must increase with increasing pH values in 
order to offset the important decrease of drug dissolu- 
tion rate observed at pHs higher than 3. 

Such coatings can theoretically be obtained by mix- 
ing neutral acrylic polymer (Eudragit NE30D) and an- 
ionic methacrylic acid copolymers (Eudragits L30D-55, 
L100-55, L100, and Sl00) in different proportions. The 
choice of Eudragit L30D-55 is imperative in this case 
in order to offset the decrease of the drug dissolution 
rate as soon as the form enters the proximal portion of 
the small intestine. Furthermore, the presence in the 
coatings of hydrophilic pore-forming agents, such as 
Phannacoat 606 and lactose, ensures that drug release 
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is also effective below pH 5 ,  i.e., even before the en- 
teric fraction of the blends has been dissolved. 

The effect of blending Eudragit NE30D with L30D- 
55 in different proportions on the drug release rates is 
shown in Fig. 3 for a pH-gradient dissolution procedure. 
As we can see, the pellets coated with Eudragit NE30D 
or L30D-55 alone are not suitable as SR systems be- 
cause the drug release rate and pattern remain highly 
dependent on the pH of the dissolution medium. Indeed, 
even though in the first situation drug release is strongly 
slowed in the simulated intestinal media with an impor- 
tant impact on the total amount released at the end of 
the test, a too-low drug release is obtained in gastric 
media for pellets coated with the enteric acrylic polymer 
alone. 

Interestingly, for blends containing both of the above- 
mentioned acrylic polymers, the decreasing effect on 
drug release rate resulting from the lower solubility of 
ucb 11056 in the intestinal media is progressively coun- 
terbalanced when the proportion of the enteric polymer 
is increased in the blends. This phenomenon can more 
than likely be explained by the higher porosity and per- 
meability of these films after the dissolution of the en- 
teric fraction at intestinal pH values. As a result, more 
appropriate dissolution profiles are obtained for pellets 
coated with NE30D-L30D-55 8:2 and 7:3 blends, 
showing moderate drug release in gastric media as well 
as suitable release in intestinal media. 

In view of these results, two practical SR pellet for- 
mulations could be selected, showing distinct release 
characteristics, in order to evaluate their adequacy of 
use and possible difference during the in vivo study (SR 

I pH gradient 

v- 

0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
Time (h) 

Figure 3. Release profiles of ucb 11056 from pellets coated 
with blends containing different proportions of Eudragit 
NE30D/L30D-55 (7.6% coating level), obtained in a pH-gra- 
dient dissolution procedure. 

pellets batches 11 and 15, coated with NE30D-L30D- 
55 9:l and 7:3, respectively). 

The drug release profiles obtained under a pH-gra- 
dient dissolution procedure are compared in Fig. 4 to 
that of the previously developed single-unit hydrophilic 
matrix tablet (SR matrix batch 74). 

This matrix obviously exhibits the fastest release 
properties in the 1.3-5 pH range but the rate is there- 
after noticeably decreased for higher pH values and, as 
a result, drug release is not completed at the end of a 
12-hr dissolution test. The acidifying agent contained in 
the matrix appears thus to be of little help for overcom- 
ing unfavorable drug dissolution conditions. 

The pellets coated with the formulation containing the 
lowest enteric fraction content (SR pellets batch 11) 
provide a quite similar release pattern with even slower 
delivery rates all over the pH-gradient range examined. 
The deliberate choice with respect to the in vivo study 
of this extra-slow release dosage form will be explained 
in the second part of this work. 

Finally, for the SR pellets batch 15 coated with 
NE30D/L30D-55 7:3, a marked slowing of the release 
rate is observed in acid media, while the dosage form 
nevertheless reaches almost 100% delivery at the end of 
the test as a result of a very prompt recovery of faster 
release rates as soon as the pH of dissolution medium 
is brought above 5 .  

The two-dimensional plots given in Fig. 4 unfortu- 
nately do not provide full information about the pH- 
dependent characteristics of these selected dosage forms, 
as can perhaps be more strikingly obtained from a tri- 

I pH gradient I 

I 
I SR pellet# b-15 

0 
0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

Time (h) 

Figure 4. Release profiles of ucb 11056 from a sustained- 
release matrix tablet (SR matrix) and pellets coated with 
Eudragit NE30D/L30D-55 9: 1 and 7:3 mixtures (SR pellets 
batches 11 and 15, respectively), obtained in a pH-gradient 
dissolution procedure. 
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SH matrix tabl t l ts  

Figure 5. Tridimensional topographic representation of ucb 
11056 release as a function of time and pH for a sustained- 
release hydrophilic matrix tablet (SR matrix batch 74). 

dimensional topographical representation of the drug 
release versus time and pH (Figs. 5 and 6). Such a rep- 
resentation, coming from replicate dissolution tests car- 
ried out at different pH values kept constant in time, is 
also expected to be useful in helping to predict the in 
vivo release of drug at the different sites of the GI tract 
during transit. 

For the SR matrix tablet, for instance (Fig. 5) ,  the 
drug release is seen to remain highly dependent on the 

I 
i 

i 
I 

Figure 6. Tridimensional topographic representation of ucb 
11056 release as a function of time and pH for pellets coated 
with Eudragit N30D/L30D-55 7:3 mixture (SR pellets batch 
15). 

pH of the dissolution medium, still reflecting in this the 
intrinsic pH-dependent aqueous solubility of the com- 
pound ucb 11056. The amounts of drug released at the 
end of the 12-hr dissolution test are 90.6% at pH 1.0 
but only 30.6% at pH 7.0.  Similar results were also 
obtained for the pellets coated with NE30D alone and, 
to a lesser extent, for the pellets coated with the 
NE30D-L30D-55 9: 1 blend (SR pellets batch 1 1). 

Conversely, for the SR pellets batch 15, Fig. 6 
clearly depicts that notwithstanding the pH-dependent 
aqueous solubility of the drug, the release profiles were 
relatively homogeneous for any pH value ranging be- 
tween 1 and 7 .  Also, an almost 100% dose release was 
achieved at pH 1.0, 2.0,  and 3.0 (higher solubility, 
pore-forming agents) and at pH 6.0 and 7.0 (higher 
porosity). Only a slight decrease of the drug release is 
noticed at pH 4 and 5 ,  and it nevertheless reaches about 
85% delivery within 12 hr. This formulation conse- 
quently appears to be optimized, at least on the basis of 
its in vitro evaluation and with respect to the physico- 
chemical drawbacks outlined for the active compound. 

CONCLUSIONS 

In vitro preformulation testing has led to better un- 
derstanding the solubility-related physicochemical draw- 
backs of the drug compound ucb 11056. 

Considering this in the search for an optimized SR 
dosage form, a quite satisfactory pH independence of 
the release characteristics was nevertheless seen to be 
achievable by means of film-coated pellets using formu- 
lation blends of neutral and anionic acrylic polymers. 

The use of multiple-unit dosage forms such as pel- 
lets must therefore be particularly recommended in the 
formulation of SR forms containing poorly soluble and/ 
or slow-dissolving drugs, not only for their bio- 
pharmaceutical advantages in comparison with larger 
single-unit dosage forms but, also, for the higher flex- 
ibility of release adjustment obtainable because of the 
great deal of flexibility in formulation and the higher 
surface area offered for dissolution. 
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