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Abstract

Recombinant interleukin-10 producihgctococcus lactiss an alternative therapy for Crohn’s disease. For in vivo interleukin-
10 production, thymidine, the essential feed component of these recombinant bacteria should be coadministered. Different coating
polymers were evaluated in vitro for enteric properties and targeting suitability to the ileum, the major site of inflammation in
Crohn’s disease. To guarantee ileal delivery, the polymer must dissolve from pH 6.8 and allow complete release within 40 min.
Aqgoaf® AS-HF coated pellets (15%) showed poor enteric properties and thymidine was released below pH 6.8 HERgBagit
coated pellets (15%) showed good enteric properties, but no thymidine was released within 40 min at pH 6.8°EBucoatyd
pellets (15%) showed good enteric properties after curing at elevated temperature while no thymidine was released within 40 min
at pH 6.8. In another approach to pass the proximal small intestine intact, pellets were coated with 30%°ELEDAYES. At
pH 6.0, they showed a lag-phase of 20 min. No influence of layer thickness was seen above pH 6.5. Alternatively, pellets were
coated with a mixture of Eudra§itFS30D/L30D-55 but they showed poor enteric properties and thymidine was released below
pH 6.8. In conclusion, none of the tested polymers/mixtures ensured enteric properties and ileal targeting.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cadesyan Deventer et al., 199.7/Steidler et al. (2000)
showed that by the administration of IL-10 secreting
Genetically modifiedlactococcus lactithat secrete lactis to the intestine of mice, in which experimental
human interleukin-10 (hIL-10) provide a novel thera- enterocolitis was installed, the intestinal inflammation
peutic approach for Crohn’s disease, as IL-10 plays was either cured or prevented. As the biosafety issue
a central role in down-regulating inflammatory cas- raises on the use of genetically modified organisms,
a strain was constructed in which the essential gene
"+ Corresponding author. Tel.: +32 9 264 80 54: encoding for thyrr_1idi|ate synthetase is knocked out to
fax: +32 9 222 82 36, assure self-containment of the bacteféedler et al.,
E-mail addressjeanpaul.remon@ugent.be (J.P. Remon). 2003. For in vitro growth until saturation, & 10° cfu

0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/}.ijpharm.2005.03.032



N. Huyghebaert et al. / International Journal of Pharmaceutics 298 (2005) 26-37

of this strain requires 2.4bg thymidine. When this
strain is devoid of thymidine, its viability (cfu) drops
six orders of magnitude in approximately 60 h. This
system of biological containment was found to be func-
tional in vivo in pigs Gteidler et al., 2003 To enable in
vivo hIL-10 production and hence effective treatment
of Crohn’s disease, a formulation of both hIL-10 pro-
ducingL. lactisand thymidine should be developed.

Although Crohn’s disease can occur in any area of
the gastro-intestinal tract, the site of inflammation is
mainly localised in the more distal regions of the small
intestine i.e. the ileunBoth et al., 198 For effective
delivery of IL-10, the viability and involving metabolic
activity of L. lactis at the target site must be ensured.
Klijn et al. (1995)showed that only up to 2% of the
amount ofL. lactis consumed are recovered in the
faeces indicating that the gastrointestinal environment
negatively influences its viability. This implies devel-
opment of a formulation that protects the bacteria from
the detrimental gastric fluid and the bile salts. To avoid
associated risk of penetration of the detrimental gastric
fluid into the formulation because of prolonged gastric
residence time, pellets were chosen as a multiple-unit
delivery system to obtain fast gastric emptyikggmer
and Blume, 1994

Because of their active ileal absorption, the bile salt
concentration is at lowest in the distal part of the small
intestine Northfield and McColl, 1978 Therefore, the
development of a formulation for targetihglactisto
the ileum is required. Besides, specific ileum targeting
of thymidine is also required to ensure the availability
of thymidine for the survival and hence hIL-10 pro-
duction byL. lactis. From literature it is clear that the
pH in the ileum ranges from 6.6 to 8.8\ans et al.,
1988; Fallingborg etal., 1989, 1998; Sasakietal., 1997;
Friend, 1998; Press et al., 1998; Ewe et al., 19%8e
mean transit in the small intestine is relatively constant
and ranges from 3 to 4 hir(iend, 1998; Abrahamsson
etal., 1996; Gupta et al., 20pDavis et al. (1986je-
ported that the residence time of pellets in the jejunum
is 2 h, and approximately 1.5 h in the ileum. In patients
with Crohn’s disease, transit time can be dramatically

decreased because of diarrhoea. In this study, a pH-

dependent approach will be examined in an attempt to
reach ileum targeting. To guarantee ileal delivery of
thymidine and_. lactisin all patients, the pH-sensitive
polymer must dissolve from pH 6.8 and allow fast and
complete release in 40 min to ensure at any time a suf-
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ficient amount of thymidine and. lactisreleased and
a quick start of its hlL-10 secretion at the site of in-
flammation. Three pH-sensitive polymers, dissolving
from pH 6.8, available as and/or applicable as aqueous
dispersion and pharmaceutically approved were tested:
Agoaf® AS-HF (a polymer consisting of hydrox-
ypropyl methylcellulose acetate succinate and avai-
lable as a fine powder), EudragiES 30 D (an anionic
copolymer of methyl acrylate, methyl methacrylate and
methacrylic acid and available as a 30% aqueous dis-
persion) and EudraditS (an anionic copolymer of
methacrylic acid and methyl methacrylate (1:2), avail-
able as a fine powder and redispersable in water by par-
tial neutralisation with NHOH). In another attempt to
obtain ileal targeting, pellets were coated with a thicker
coat of Eudragit L30D-55 (an anionic copolymer of
methacrylic acid and ethylacrylate (1:1) and available
as a 30% aqueous dispersion) in order to ensure intact
passage through the proximal small intestikiartis
and Ghebre-sellassie, 199Next, the pellets were
coated with a mixture of EudraditFS 30 D/L30D-55
to manipulate release profil&ljan et al., 1999

The main objective of this study was to evalu-
ate the suitability of the available coating polymers
for enteric coating and ileal targeting of thymidine
andL. lactis However, as the formulation df. lac-
tis is still under development, thymidine pellets will
be used for adequate evaluation of the coating poly-
mers as this molecule is easier to monitor and quan-
tify (UV-spectrophotometry). Moreover, because of its
pH-independent (g, 9.94) and high water-solubility
(5.59/100 ml) (80% thymidine released within 20 min
from microcrystalline cellulose pellets at all pH val-
ues ranging form 2.5 to 7.4), thymidine (MW 242) has
excellent properties for adequate evaluation of enteric
properties of the pellets, coated with different coating
polymers. On the basis of the thymidine release data,
the polymers will be discussed for their gastric protec-
tion and ileal targeting properties bf lactisin order
to ensure its viability at the target site if administered
in the same pellet formulation.

2. Materials and methods

2.1. Production of pellets

Pellets were prepared with a thymidine concen-
tration of 1% (w/w). Thymidine (7 g) (Alkemi, Lo-
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keren, Belgium) and microcrystalline cellulose (693 g)
(Avicel® PH 101, FMC, Brussels, Belgium) were pre-
blended and granulated with 700 ml demineralized wa-
ter in a planetary mixer (Kenwood Major Classic,
Hampshire, UK). Extrusion was performed in a single
screw extruder (Dome extruder lab model DG-L1, Fuiji

Nazareth, Belgium) were gradually added while stir-
ring. The dispersion was mixed with a high speed mixer
for additionally 10 min.

2.2.2. Eudragi® FS 30 D and Eudragft L30D-55
The composition of the coating dispersions con-

Paudal, Tokyo, Japan) at 45 rpm, through a 1 mm per- taining Eudrag® FS 30 D and Eudradit L30D-55
forated screen. A 600 g extrudate was spheronized onjs shown inTable 2 To prepare the Eudra§itFS 30

a spheronizer (Caleva model 15, Sturminster Newton,

UK), using a cross-hatched friction plate, operating at
1000 rpm with a residence time of 5min. A 600 g wet
spheres were dried in a fluid bed dryer (GPCGL1, Glatt,
Binzen, Germany) for 90 min at an inlet air tempera-
ture of 35°C. The 700-1250.m fraction was separated
using a vibratory sieve (VE 1000, Retsch, Haan, Ger-
many) for 20 min at amplitude 2.

2.2. Preparation of coating dispersions

2.2.1. Agodt AS-HF

Three different coating dispersions of AqBatere
prepared using Aqo&t AS-HF powder (Shin-Etsu
Chemical Co., Tokyo, Japan]dble 1. The coating
dispersion A was prepared by first dissolving triethyl
citrate (TEC, plasticiser) (Sigma—Aldrich, Bornem,
Belgium) and sodium lauryl sulphate (wetting agent)
(Federa, Brussels, Belgium) in water according to the
producers guidelines. Next, Aq§aAS-HF and than
talc (glidant) (Alpha pharma, Nazareth, Belgium) were
gradually added while stirring. The dispersion was
mixed with a high speed mixer (Silverson, Bucks, Eng-
land) for additionally 10 min. The coating dispersions
B and C were prepared by first dissolving TEC in
water (Nykanen et al., 1999 Next, Aqoa® AS-HF

D coating dispersion a 30% (w/w) aqueous Eudfgit
FS 30 D dispersion was usedd®n, Darmstadt, Ger-
many). Polysorbate 80 (wetting agent) (TW8&®0, Al-

pha pharma, Nazareth, Belgium) and glyceryl mono-
stearate (glidant) (Federa, Braine-I'Alleud, Belgium)
were added to water and stirred for 10 min with a
high-speed mixer until a fine, homogenous dispersion
was obtained. This dispersion was gently added to the
Eudragif FS 30 D dispersion and mixed by magnetic
stirring. For the Eudradh L30D-55 coating disper-
sion, the preparation was identical, except that TEC
was used as a plasticiser. For the Eudfgs 30 D
coating dispersions no plasticiser was needed in the for-
mulation since EudraditFS 30 D exhibits a minimum
film-forming temperature (MFT) of 14C (Rohm,
Germany).

2.2.3. Eudragi? S

The composition of the coating dispersions contain-
ing Eudragi® S is shown ifTable 3 The three disper-
sion differ in plasticiser type and content: 60% TEC
in A, 40% TEC in B and 60% dibutyl sebacate (DBS)
(Sigma-—Aldrich, Bornem, Belgium) in C. To prepare
the Eudragf® S coating dispersion A and B, Eudrayit
S powder (Rhm, Darmstadt, Germany) was dispersed
in water. Addition of 1 M ammonia drop-wise to the

and than magnesium stearate (glidant) (Alpha pharma, aqueous suspension over 5 min resulted in neutralisa-

Table 1
Composition of coating dispersions containing AGoAS-HF

A B C

Total (g) Dry (9) Total (g) Dry (9) Total (g) Dry (9)
Aqoaf® AS-HF powder 10 10 10 10 10 10
Mg-stearate — — 3 3 3 3
Talc 2 2 - - - -
Triethyl citrate 35 35 35 35 5 5
Sodium lauryl sulphate .2 0.2 - - - -
Water 835 - 835 - 835 -
Polymer content (%, w/w) 10 100 9.9
Solid content (%, w/w) 1B 165 177
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Table 2
Composition of coating dispersions containing Eudf§i 30 D, Eudragft L30D-55 and a mixture of EudragitFS 30 D/L30D-55
Eudragif FS 30 D Eudragft L30D-55 Mixture
Total (9) Dry (9) Total (9) Dry (9) Total (g) Dry (9)
Eudragif FS 30 D 55 16 - - 424 127
30% (w/w) aqueous disp.
Eudragif L30D-55 - - 51 18 106 32
30% (w/w) aqueous disp.
Glyceryl monostearate 3 13 13 13 13 13
TweerP 80 (33% ag. sol.) K3 0.5 16 05 16 0.5
Triethyl citrate - - 3 31 0.6 0.6
Water 417 - 43 — 45 -
Polymer content (%, w/w) 18 153 156
Solid content (%, w/w) 18 202 180

tion of 15% of the carboxyl groups of the polymer. A 2.3. Coating of pellets with different coating

milky latex was formed. After additional stirring for  dispersions

1h, TEC was added. After overnight stirring, a glyc-

eryl monostearate (GMS)-dispersion, prepared by ho- The coating dispersions were passed through a
mogenising GMS for 10 min in a polysorbate 80—water 0.3 mm sieve before use. Throughout the coating pro-
mixture using a high-speed mixer, was added to the cess the coating dispersions were stirred using a mag-
polymer dispersion. To prepare the Eudr8d# coat- netic stirrer. A300 g of pellets were coated in a fluid bed
ing dispersion C, DBS was mixed with the Eudr&gi coating apparatus (GPCG 1, Glatt, Binzen, Germany),
powder in a mortar by pestle. After overnight standing, used in the bottom spray mode with the Wurster setup

the powder mixture was dispersed in water. (nozzle diameter 0.8 mm; atomising pressure 1.5 bar).
The spray rate and the product temperature during the
2.2.4. Mixture Eudragft FS 30 D/L30D-55 coating process with Aqo&tAS-HF were 8.5g/min

The composition of the coating dispersion contain- (first 30 min), 10.5 g/min (next 30 min), 11.4 g/min (till
ing a mixture of Eudragh FS 30 D/L30D-55 (80/20,  the end of the process) and 3D and for coating with
w/w) is shown inTable 2 The preparation of the dis-  Eudragi® FS 30 D, Eudragf L30D-55, a mixture of
persion is identical to the method described in Sec- Eudragif FS 30 D/L30D-55 and EudraffitS 4 g/min
tion 2.2.2 The plasticiser amount is calculated as 20% and 23-25C. Before coating, the pellets were pre-

(w/w) on Eudragi® L30D-55. heated to the desired product temperature during coat-
Table 3
Composition of coating dispersions containing Eudfagit

A B Cc

Total (g) Dry (9) Total (g) Dry (9) Total (g) Dry (9)
Eudragit & powder 15 15 15 15 15 15
Water 973 - 973 - 973 —
Ammonia 1M 76 - 76 - 76 -
Triethyl citrate 92 9.2 6 6 - -
Dibutyl sebacate - - - - 2 9.2
Glyceryl monostearate 2 12 12 12 12 12
TweerP 80 (33% ag. sol.) 5 05 15 05 15 05
Water 15 - 15 - 15 -
Polymer content (%, wi/w) 10 104 102

Solid content (%, w/w) 1B 158 17.6
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ing. After coating, the pellets were cured standard for
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Approximately 25 mg of sample was placed in an alu-

15min at the same conditions as the coating process.minium pan that was hermetically sealed. The sample

Thereafter, they were cured for 2 or 5 days on trays
at room temperature, 40 or 8G, depending on the

was heated from-40 to 80—120C with an underly-
ing heating rate of 2C/min, a modulation period of

polymer and coating dispersion used. The pellets were 60s and modulation amplitude of 0.6. Ty was re-

coated with 15-25% (w/w) Aqo&tAS-HF, depending
on the coating dispersion used, 15% (w/w) EudfAgit
FS 30 D, 10-30% (w/w) EudraditL30D-55, 15%
(w/w) of the mixture Eudragft FS 30 D/L30D-55 and
15-20% (w/w) Eudragft S.

2.4. Dissolution testing

Dissolution testingr{= 3) was performed using the
reciprocating cylinder method (USP apparatus 3) (Bio-
Dis, Vankel, NJ, USA) at a dip rate of 21 dpmusing 1 g
pellets per vessel (250 ml) with two consecutive me-
dia: 0.1N HCI (2h) and consequently a buffer solu-
tion (phosphate buffer 0.2 M) at pH 5.5, 6.0, 6.5, 6.8,
7.0, 7.2 or 7.4, depending on the polymer tested, with
a drain time of 10s in between the two dissolution

ported as the midpoint of the transition. The analysis
was performed in duplicate.

3. Results and discussion

Interest in specific targeting to the human ileum is
increasing for the treatment of Crohn’s disease, but
also in the domain of mucosal vaccination. Recent ad-
vances in biotechnology resulted in the use live micro-
organisms, genetically engineered to express foreign
antigens and/or immune stimulating cytokines at the
mucosal target siteMielcarek et al., 2001l Mucosal
immunity can best be obtained by local exposure of the
antigens to the Peyer's Patches of the gut-associated
lymphoid tissue, most prominent in the terminal ileum

media. The concentration of thymidine was measured (Chen, 2000; Kato and Owen, 1994

spectrophotometrically (Perkin-Elmer, Zaventem, Bel-
gium) at 267 nm.

2.5. Scanning electron microscopy

The morphology of the coating surface and the

3.1. Release of thymidine from pellets coated with
Agoaf AS-HF

Pellets coated with coating dispersion A (15%, w/w)
showed sub-optimal enteric properties: the release in

coating thickness were examined by scanning electron 0.1N HCI after 2h (13.6%) was slightly above the

microscopy (SEM) (Jeol JSM 5600 LV, Jeol, Tokyo,

limits indicated in USP/Eur. Pharm. (maximally 10%)

Japan). Pellets were radially sheared and platina coated(Fig. 1). Increasing the amount of polymer applied

using a sputter coater (Auto Fine Coater, JFC-1300,

Jeol, Tokyo, Japan). The coating thickness of five pel-
lets was measured at five sites per pellet.

2.6. Modulated differential scanning calorimetry

Films of Eudragi® FS 30 D, Eudragh L30D-
55 and the mixture of Eudra§itFS 30 D/Eudragft
L30D-55 (80/20, w/w) were prepared by casting a thin
layer of pure Eudragh FS 30 D dispersion (30% (w/w)
aqueous dispersion), pure Eudr&git30D-55 disper-
sion (30% (w/w) aqueous dispersion) and Eudfgit
FS 30 D/L30D-55 mixture in a recipient. After drying
for 2 days at RT, the films were cured for two more
days at RT.

Tg of the films was determined using a model 2920
modulated DSC (TA Instruments, Brussels, Belgium).

to 20% (w/w) did not improve the enteric properties
(13.1% release in 0.1N HCI after 2 Hjig. 2 shows a
SEM picture of the cross-section of a pellet coated with
15% (w/w) AqoaP AS-HF (coating dispersion A).
Although the high coating thickness (34:86.9um
(n=25)), the porous appearance of the coating surface
could explain the sub-optimal enteric properties. No
continuous polymer layer was formed probably due
to incomplete coalescence and fusion of the polymer
droplets during coating and subsequent curing, despite
the fact that, as recommended, triethyl citrate was used
as plasticiser in a concentration of 35% (w/w) to the
polymer and the product temperature during coating
was 30°C. Curing time and temperature were increased
in an attempt to improve film formation and hence coat-
ing performance. Increasing curing time to 5 days did
not decrease release after 2hin 0.1N HCI (13.1%). In-
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Fig. 1. Thymidine released (mearS.D.,n=3) after 2h 0.1N HCI from pellets coated with different amounts of A§o&8-HF (A, B, C),
Eudragif FS 30 D, Eudragft L30D-55, Eudragft FS 30 D/L30D-55 mixture and Eudra§is (A, B, C), cured at room temperature for 2 days.
Inserted figure Thymidine released (metaB.D.,n=23) after 2 h 0.1N HCI from pellets coated with 15% (w/w) Add#S-HF (A), Eudragi®

S (A) and Eudrag® FS 30 D/L30-55 mixture.

creasing curing temperature to8Dslightly decreased

within 2 h. The low solubility of ibuprofen in acidic

release after 2hin 0.1N HCI (10.4%) but the value was medium could explain that no problems were reported

still above the limits indicated in USP/Eur. Pharm.
Nykanen et al. (1999%uggested using coating dis-
persion B (containing triethyl citrate, AqSaAS-HF

by Nykanen et al. (1999 relation to enteric coating
efficiency. In contrary, thymidine has a pH independent
solubility, so it has excellent properties for evaluating

and magnesium stearate (glidant)) for enteric coating enteric coated formulations and more specifically for-
of granules containing ibuprofen, but no data were pro- mulations of acid sensitive compounds suct.algc-
vided on the gastric resistance of the enteric coated tis. The release of thymidine in HCI 0.1N gives a good
granules. When using coating dispersion B, no enteric indication of the acid permeability of the enteric-coat
properties were obtaine#ig. 1). Applying more poly- during passage through the stomach and the possible
mer (up to 25% (w/w)) decreased the release rate of detrimental effect oi.. lactis viability.

thymidine in 0.1N HCI, but still 100% was released On SEM pictures (not shown) the coating surface
appeared porous and discontinuous, just as in the case
of dispersion A. By varying the plasticiser concentra-
tion, the film forming properties of a polymer can be
modified. Therefore, the thymidine pellets were coated
with coating dispersion C, containing more plasticiser.
However, this formulation did neither meet the require-
ments for enteric-coated dosage forms of USP/Eur.
Pharm Fig. 1).

The poor enteric properties achieved with coating
dispersion B and C were probably due to an incompati-
bility between Aqodt AS-HF and magnesium stearate
as after coating, the pellets were covered with a white
and dusty polymer layer.

In this study, the best enteric properties with Adoat
AS-HF were achieved using coating dispersion A.
Before further optimisation of this coating in order
to obtain good enteric properties, the suitability of
the polymer to obtain ileal targeting was evaluated
by studying the release profil€&i§. 3). This release

Fig. 2. SEM picture of a cross-section of a pellet coated with 15%
Aqgoaf® AS-HF (w/w) using coating dispersion A (AqFaiAS-HF
10%, talc 2%, triethyl citrate 3.5%, sodium lauryl sulphate 0.2% and
water 83.5%) and cured for 2 days at RT.
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Fig. 3. Release profiles (mearS.D.,n= 3) of thymidine from pel-

lets coated with 15 (- - -, open symbols) and 20% (—, filled symbols)
Agoaf® AS-HF (w/w) using coating dispersion A (AqGan\S-HF
10%, talc 2%, triethyl citrate 3.5%, sodium lauryl sulphate 0.2%,
water 83.5%, cured for 2 days at RT) after 2h 0.1N HCl and subse-
quently buffer solution with pH 6.50), 6.8 () or 7.0 (0).

rate increased with increasing pH, while the release
rate decreased with increasing amount of coating
polymer applied on the pellets. From pellets coated
with 15% (w/w), as well as 20% (w/w) polymer,
80% thymidine was released after 40 min dissolu-
tion, even at pH values lower than 6.8. The release
data indicated the inability of Aqoft AS-HF to
obtain ileal targeting for thymidine incorporated in
pellets. This is in contrast to the data lfkanen et

al. (1999)who reported that after 3h at pH 6.8, only

35% of ibuprofen was released from granules, coated

with 20% (w/w) Aqoa® AS-HF. This difference in
dissolution profile could be explained by the difference
in formulation approach as Nigken et al. used Aqdat
AS-HF both as binder and coating material to delay
drug release from the granules in order to target the
colon.

From these data is can be concluded that A§oat
AS-HF is not suitable neither for enteric coating of
thymidine pellets, nor for ileum targeting of thymidine
from this pellet formulation.

3.2. Release of thymidine from pellets coated with
Eudragif® FS 30D

Fig. 4shows the release profiles of thymidine from
pellets coated with EudrafitFS 30 D. After 2h
dissolution in 0.1N HCI less than 10% thymidine
(3.0+2.1%) was released, which proves the gastro-
resistance of the coating at the applied coating thick-
ness Fig. 1). Fig. 5shows a SEM picture of the cross-
section of a pellet coated with 15% (w/w) Eudr&yit

N. Huyghebaert et al. / International Journal of Pharmaceutics 298 (2005) 26-37
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Fig. 4. Release profiles (meanS.D.,n= 3) of thymidine from pel-
lets coated with 15% (w/w) Eudra§itFS 30 D (- - -) and Eudradft

S (—) after 2h 0.1N HCI and subsequently buffer solution with pH
6.8(),7.0@»),7.2()or 7.4 ©).

FS 30 D. The coating thickness was 2%3.1um
(n=25). This is in agreement witBupta et al. (2001)
who reported a coating thickness of dif on pellets
(0.8—1 mm) coated with 30% Eudra§iES 30 D. Con-
trary to pellets coated with Aqd&tAS-HF, the coa-
ting surface had a smooth appearance and a continu-
ous polymer layer was formed. At pH 6.8 no release
was observed after 1.5 h, considered to be the maximal
transit time of pellets in the ileum. Release was very
slow at pH 7.0: only 11% of thymidine was released
after 1.5h. Only at pH 7.2 and above, 100% thymi-
dine was released within 1.5 h. At pH 7.2, a lag-time of
20 min was observed before the release started. When
the requirements of the polymer to allow complete re-
lease within 40 min from pH 6.8 are considered, it can
be concluded that only at pH 7.4 and above thymidine

Fig. 5. SEM picture of a cross-section of a pellet coated with 15%
(w/w) Eudragif FS 30 D.
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release was completed within 40 min. Below pH 7.0, 7.2, both from an aqueous dispersion. About 100% was
no thymidine was released. AtpH 7.2 and 7.4, 42% and released within 30 and 360 min, respectivétuflolph
84% was released within 40 min, respectively. et al., 200}). When the requirements of the polymer to
The pH from which Eudragh FS 30 D dissolved  allow complete release within 40 min from pH 6.8 are
(pH 7.2) was not in accordance to the value reported in considered, it can be concluded from our data that only
literature (pH 6.8) Gupta et al., 20011 As the ileal pH at pH 7.4 and above thymidine release was completed
can be lower than 7.2, itis evident that in some patients within 40 min. Below pH 7.0, no thymidine was
the thymidine release will not occur in the ileum or released. At pH 7.0, 7.2 and 7.4, 6%, 45% and 97%,
only at its distal parts. For the co-formulatedlactis, respectively was released within 40 min. Moreover, as
incomplete and/or delayed release will result in a lack L. lactisis temperature sensitive, this polymer cannot
of time to become metabolically active and to secrete be used for the production of an enteric coated formula-
the hIL-10 at the site of inflammation. This study em- tion consisting of this micro-organism because curing
phasises clearly the necessity of testing a formulation, has to be performed for 2 days at minimally 4%,
developed for specific targeting, at arange of pH-values
since little variation in pH leads to remarkable differ- 3.4. Release of thymidine from pellets coated with

ences in release profiles. Eudragif® L30D-55
3.3. Release of thymidine from pellets coated with The percentage of thymidine released from pellets
Eudragi® S coated with different amounts of Eudradjit 30D-55
after 2hin 0.1N HCl is shown iRig. 1 The amount of
Fig. 1 shows that the release from Eudr&gi6 thymidine released after 2 h decreased with increasing

coated and subsequently RT cured thymidine pellets the coating thickness (940.7, 5.7£2.0, 4.2£ 1.8,
after 2hin 0.1N HCl is higher than the limits indicated 2-8+ 1.1 for 10, 15, 20 and 30%, respectively). For
in USP/Eur. Pharm.Rig. 1). Increasing the coating €very coating thickness applied, the coated pellets met
thickness to 20% (w/w) could not improve the coating the rgquirements of the USP/!Eur. Pharm. concerning
performance. Since Eudra§jis is a tough polymeiTy enteric coated dosage formsig. 6 shows a SEM
160°C), contrary to the Flexibel Eudra§it=S 30 D, picture of the cross-section of a pellet coated with
60% TEC was added to reach sufficient plastisation of 15% (w/w) Eudragft L30D-55. The coating thick-
the polymer. But the hydrophilic characteristics of the N€sS was 29.52.0pm (n=25), and 61.3 8.6pm
plasticiser, combined with its high content in the coat- (n=25) for pellets coated with 30% (w/w) polymer
ing layer could lead to pore forming and subsequent (picture not shown). The surface of the pellets coated
release of thymidine in the gastric stagerqhoff-
Hilsmann et al., 1999 Decreasing the plasticiser =<
content (from 60 to 40% TEC) or using a hydrophobic
plasticiser (dibutyl sebacate) did not improve the
coating performance~g. 1). However, increasing the
curing temperature to 40 and 60 for 2 days markedly
improved the coating performanded. 1). This might -y
be due to the fact that because of the toughness of#
the polymer, higher curing temperatures are required g
for complete coalescence and hence film formation.
Fig. 4 shows that at all pH values, the release profiles
of thymidine from pellets coated with 15% Eudr&it

S are comparable with the profiles of thymidine from
pellets coated with 15% Eudra§ittS 30 D. These
results are not in agreement with Rudolph et al. who
showed faster release from 5-ASA pellets coated with Fig. 6. SEM picture of a cross-section of a pellet coated with 15%
Eudragif S than coated with Eudra§ifFS30DatpH  (w/w) Eudragif L30D-55.
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Fig. 7. Release profiles (meaS.D.,n= 3) of thymidine from pel-
lets coated with 10%), 15% (O), 20% (A) and 30% [(0) Eudragif
L30D-55 after 2h 0.1N HCI and subsequently buffer solution with
pH 5.5 (—, grey symbols), 6.0 (—, black symbols) and 6.5 (—, open
symbols).

with Eudragif L30D-55 was smoottFig. 7shows the
release profiles of thymidine from pellets coated with
different amounts of EudraitL30D-55 at pH 5.5,
6.0 and 6.5. At pH 5.5, a very slow thymidine release

was observed: 17.5% was released after 4 h from pel-

lets coated with 10% (w/w) Eudra§it_30D-55. The
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Klein et al. (2002) studied the dissolution of
mesalazine from two types of tablets coated with
Eudragi® L30D-55: Claversdl and SalofalR. A lag-
time in buffer pH 6.8 was reported of 30 and 150 min,
respectively, due to the difference in coating thick-
ness, which was 100 and 2p®n, respectively. In our
study, the coating thickness was only 6£8.6um
for pellets coated with 30% (w/w) Eudra§it.30D-

55 and can explain why no lag-time was observed at
pH 6.5. Alternatively, the pellets could be coated with
Eudragif L 100 as this polymer dissolves from pH 6.0.
However, this polymer exhibits a very higl (200°C),
even higher than Eudra§iS. Most likely, this polymer
will also require high curing temperatures for adequate
film formation and hence good enteric properties. How-
ever, this is inappropriate for the lactis viability.

3.5. Release of thymidine from pellets coated with
a mixture Eudragf? FS 30 D/L30D-55

Fig. 1 shows that pellets coated with a mixture
Eudragi® FS 30 D/L30D-55 have no good enteric
properties, even after 5 days curing (%:2.0% release
after 2h in 0.1N HCI) or curing at 60C (10.1+ 2.9%
release after 2 hin 0.1N HCI). However, pellets coated

release from pellets coated with a thicker coat was as with Eudragi® FS 30 D or L30D-55 only showed

expected lower (12% after 4 h from pellets coated with
30% (w/w) Eudragf? L30D-55).Fig. 7 clearly shows

good enteric polymers i.e. 392.1 and 5.4 2% re-
lease after 2hin 0.1N HCI, respectively. Although the

that at pH 6.0, by increasing the coating thickness, the similarity in chemical structure of both polymers, it
release rate decreased. However, only a short lag-phasevas investigated if these polymers showed any incom-

was obtained (20 min) from pellets coated with 30%
(w/w) Eudragif L30D-55. At pH 6.5, increasing the

patibility by determination of thdy of several poly-
mer films, prepared by casting the coating dispersions

coating thickness did not affect the release rate and in (pure or mixture) and subsequently drying and curing

all cases 80% was released within 20 min.

At the generally proposed coating thickness of
Eudragi® L30D-55 for multiple unit formulations
(10-20% (w/w) polymer weight gain) to reach enteric
properties, an in vivo dilution and absorption of thymi-
dine will take place before it reaches the ileum. More-
over, the co-formulated bacteria would be released in
the small proximal bowel (pH 6.5{ans et al., 1988;
Fallingborg et al., 1989, 199&nd this will resultin a
loss of viability due to the presence of the bile salts. A
way to overcome this problem could be the application
of a thicker coat of Eudradit L30D-55 Harris and
Ghebre-sellassie, 199A lag-phase of approximately

(Fig. 8). The pure Eudradh FS 30 D and Eudradit
L30D-55 films showed &g of 32.0+£0.6°C (n=2)
and 56.4+-0.4°C (n=2). A physical mixture of both
films showed twaTy signals i.e. the first at 34°&
and the second at 54€@. These values are in accor-
dance with the values obtained from the pure films
and can be attributed to the Eudr&giES 30 D and
Eudragi® L30D-55 polymer, respectively. The films,
prepared by casting a mixture of Eudr&g#S 30 D and
Eudragif L30D-55 (80/20, w/w) showed only one sig-
nal (33.3+4.5°C; n=6). From these results it can be
concluded that these polymers show no incompatibi-
lity. A hypothesis for the explanation of the increased

2h must be obtained to ensure intact passage throughrelease after 2 h in 0.1N HCI may be that the plasticiser

the proximal small intestine.

included in the polymer mixture before coating results
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on the curves.

in an increased permeability of the film. This may be after curing at room temperature. Eudr&g® was not
the case for EudraditFS 30 D as this polymer requires  used in the mixture as this polymer requires high curing
no plasticizer because of its inherent flexibility. temperatures, which is inappropriate for the viability of
Release profiles show a decreaseinreleaserate atpH.. lactis. The polymers were used in a ratio of 1/4 as
6.0, whichis comparable with the release rate from pel- with this ratio, Khan et al. showed a lag-time of 45 min
lets coated with 30% (w/w) Eudra§it_30D-55 (data at pH 6.5. AsKhan et al. (1999showed only a slight
not shown), but no lag-phase was seen. At pH 6.5 and increase in lag-phase from 45 to 60 min by changing
higher, release is completed within 40 min. A hypothet- the ratio of both polymers from 1:4 to 1.5, other ratio’s
ical explanation for these results can be that although have not been tested in this study.
the polymers show compatibility, individual spots of From this study, it is clear that AqdatAS-HF,
pure Eudragt FS 30 D and EudraditL30D-55 can  Eudragif L30D-55 and a mixture of Eudra§itFS
be identified on the surface of the coated pellets. An 30 D/L30D-55 dissolve at a pH lower than the pH at
Eudragif L30D-55 spot dissolves from 6.0 resulting the target site (6.8) and consequently thymidine will
in the formation of pores, from which the thymidine be diluted and absorbed in the proximal small intestine
can be released. and that the co-formulateld. lactis will be subjected
Khan et al. (1999)oated mesalazine tablets us- to the detrimental bile salts present in the jejunum.
ing combinations of EudraditL100-55 and Eudradh Eudragi® FS 30 D and S dissolve at a pH above the
S100 and showed that the release profile of mesalazinepH at the target site. Consequently, thymidine and the
from tablets could be manipulated by changing the co-formulated.. lactiswill not be released or will only
Eudragi® L100-55 and Eudradh S100 ratios within be released in the most distal parts of the ileum. This
the pH range of 5.5-7.0. In this study, a combination of implies that the hIL-10 production will not occur in
Eudragi® L30D-55 and Eudragh FS 30 D was used  the ileum but in the colon. It can be concluded that
as they result separately both in good enteric propertiesnone of the tested polymers or polymer mixtures can
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