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Table of abbreviationsand acronyms
API: Active pharmaceutical ingredient
BUD: Budesonide

CV: Coefficient of variation

GIT: Gastrointestinal tract

GMS: Glyceryl monostearate

HCL: Hydrochloric acid

HPLC: High performance liquid chromatography
K30: Kollidon® 30

LOQ: Limit of quantification

MUDF: Multiple-unit dosage form
MUPS: Multi-unit pellets system
PBS: Phosphate-buffered saline
PVP: Polyvinylpyrrolidone (Povidone)
RH: Relative humidity

rpm: Rotation per minute

SEM: Scanning electron microscopy
SOP: Standard operating procedure
SUDF: Single-unit dosage form

T°: Temperature (°C)

TEC: Triethyl citrate

TGA: Thermogravimetric analysis
UK: United Kingdom

USA: United States of America
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Abstract

Modified-release oral drug delivery dosage forms aidely used in the pharmaceutical field to
overcome all the potential issues imposed by thesiplogical variabilities of the gastrointestinal
tract as well as to maintain drug concentratiorthiwithe therapeutic window. In the market, they
are available only as solid dosage forms such psutes or tablets. The development of a liquid
oral dosage form with modified-release properties Ibeen keenly awaited. This form could
increase the compliance of patients with a swalgwmpairment (i.e. paediatric, older or critically
ill patients) and, consequently, the efficacy of therapeutic treatment. In this study, budesonide
was used as a model drug to develop a modifieégseldiquid oral dosage form (i.e. colonic-
release, sustained-release). For this purposej-laydtred particles were obtained, starting from
small microcrystalline cellulose neutral cores (&P with a mean diameter lower than 500 pum),
in a lab-scale fluid-bed coater. Poly(meth)acrylptédymers commonly available under the trade
name of Eudradft such a$100, RS PO, RL100 and E100, were used to getetkfinug release
profiles. They were also used to guarantee thdlisyabf the reconstituted liquid syrup during 2

weeks of storage at room temperature.
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1. Introduction

Among the different routes of administration, thalaouteis still the most commonly used due to
its ease of administration [1]. Oral dosage forras be classified into immediate- and modified-
release systems. Although immediate-release orshgo forms may provide a rapid onset of
therapeutic response, they are not able to cotiteoielease of a drug [2]. Such dosage forms have
to be administered several times per day to manthe drug concentration within the
therapeutically effective range for the whole diorabof the treatment. This can result in fluctugtin
drug levels in the bloodstream and in a decreaseompliance by patients [3, 4]. Currently,
modified-release formulations, such as sustainkzhse systems, are being used to treat chronic
iliness [4, 5]. Advantages of modified-release d@storms include their ability to provide temporal
or spatial control of the release thanks to the afssuitable polymeric excipients [6, 7]. For
bioavailability, efficacy or safety reasons, théestve delivery of drugs to specific gastrointaati
sites is pursued. This is done to protect the ldattegs from biological fluids or potential issues
imposed by the physiologic variabilities of gasttestinal tract (GIT) (e.g. pH, the commensal
flora, enzymatic activity, surface area and gastestinal transit time). It also prevents delivefy

the drug outside the so-called absorption windownsueng its release in the target site as
extensively as possible [8]. An example of thiselatase is colon delivery, for which it is necegsa

to prevent the release of active ingredients inehtre gastric residence and the small intestinal
transit. Site-selective release is to be soughedas environmental differences between the small
and the large intestine, such as the quali-quaingtacomposition of the microbiota, the pH of

fluids, the intraluminal pressure and the transt[6, 9, 10].

Solid dosage forms are the most frequently used dalivery systems for oral administration [7].
They differ in both size and the number of unitnatdstered as a single dose, including single-unit
dosage forms (SUDF) and multiple-unit dosage for(W®JDF) [11]. The most important
characteristic of MUDFs in comparison to SUDFshisitt lower susceptibility to dose dumping and

to a faster gastric emptying. This is because thmugits of a MUDF may be distributed more
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evenly throughout the gastro intestinal tract [13]. Such advantages result in fewer adverse
effects, better bioavailability, lower variabilitin the drug release and, consequently, better

compliance by patients [14

However, the ability to take such solid dosage frmay be compromised in patients with
swallowing impairments (dysphagia), especially pateid, elderly or critically ill patients [15-18].
Swallowing issues have been described as dosages fggetting stuck in the throat, an
uncomfortable feeling, the need for repeated swatlg attempts, gagging, choking, coughing
while swallowing or vomiting [19]. It may result &dteration of the dosage form, omission of doses
or discontinuation of medications [20, 21, 16]. fdiere, a modified-release liquid oral dosage
form, has been highly awaited for patients with lfsvéing impairment.

In a previous study, a new technology based orr@assistant small omeprazole-loaded multi-
layered pellets dispersed in syrup was developg{l @ this study, budesonide (BUD), a potent
corticosteroid used in the management of asthmabedjic rhinitis, the treatment of various skin
disorders and the treatment of inflammatory bowisleases (e.g. ulcerative colitis, Crohn’s
disease), was used as a model drug [23-26]. BUEbismercially available in the form of pH-
dependent enteric-coated preparations, mainlyhferddcal treatment of Crohn’s disease, a chronic
inflammatory bowel disorder of unknown aetiologwattimay affect any part of the gastrointestinal
tract in both children and adults. However, the mcmsnmon sites of inflammation are the distal
ileum and/or the ascending colon [27]. BUD was awed to verify the feasibility of this new
technology. The technology was constituted of raltered particles dispersed in a liquid vehicle,
with diverse kinds of release (i.e. colon-targetamgl sustained-release).

The aim of this work was to demonstrate the fehfsibof the new technology by developing
budesonide-based modified-release liquid oral doadagns that present a delayed release of the
drug in the colon or a sustained release, and fifywtbe short-term stability of drug release after

dispersion of the multicoated patrticles in a syrup.
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2. Materials and methods

2.1 Materials

Microcrystalline cellulose pellets (Cell&&63, Process Center GMBH & Co, Germany) with a
mean diameter, D(50), ranged between 200 andB@0vere used as neutral core. Budesonide
(Sterling Spa, Corciandtaly) was used as a model drug. Eudfagito0 (an anionic copolymer
based on methacrylic acid and methyl methacrylat@)), in the form of powder (Evorfik
Industries, Darmstadt, Germany), was used as and¢algeting polymer. Eudragits RS PO and RL
100 (insoluble copolymers of ethyl acrylate, methmgkthacrylate and a low content of a
methacrylic acid ester with quaternary ammoniumugso(1:2:0.1 for RS PO and 1:2:0.2 for RL
100, respectively)) in the form of powder and giesyEvoniK Industries, Darmstadt, Germany)
were used to provide sustained-release formulatindragi® E100 (cationic copolymer based on
dimethylaminoethyl methacrylate, butyl methacrylatel methyl methacrylate in the ratio 1:2:1) in
the form of granules (EvorikIndustries, Darmstadt, Germany) was used as aogssiuble
polymer. Povidone (Kollidoh K30, D-BASF, Germany) and talc (micronized 10 pait,t Sigma
Aldrich, USA) were used as a binder and a bulk ggespectively. Microfine lactose (Lactochem
Microfine 201, Borculo Domo, Netherlands) was uasdhydrophilic agent. Triethyl citrate (TEC
Alfa Aeser, USA) was used as plasticizer. Glycenginostearate (GMS, D-BASF, Germany) and
aluminium oxide (Sigma Aldrich, United States) wemaployed as bulk agents because of their

anti-electrostatic properties.

Neosorb sorbitol (Roquette, France), AvitedRC-591 (microcrystalline cellulose and sodium
carboxymethylcellulose, FMC, USA), Kollid8nK30 (polyvinylpyrrolidone, PVP, D-BASF,
Germany), anhydrous sodium carbonate (Sigma Aldfighited States) and dihydrate disodium

hydrogen phosphate (Merck, Germany) were used&pteparation of the dry syrup.

2.2 Production of multicoated particles
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Neutral microcrystalline cellulose pellets (1-1.§)Kvere transferred into a lab-scale bottom-spray

fluidized bed coater (SLFLL_3, Lleal s.a., Spaittetl with a Wrster insert.

To provide a colonic release, the pellets wereambatith four successive coating layers: a drug
layer; a colon-targeting polymer layer to prevérd €arly release of budesonide in the upper part of
the GIT; an isolating layer to avoid interactiontvioeen layers 2 and 4; and a gastro-soluble
polymer layer to avoid drug release in the syrup.pfovide a sustained release, the pellets were
coated with three successive coating layers: a thygr; a sustained-release layer including two
insoluble polymers in a ratio to obtain a progresselease of budesonide over a prolonged period
of time; and a gastro-soluble polymer layer to dwtiiug release into the syrup. The compositions

of the coating dispersions are presented in thigosetResults and discussions”.

For both formulations, all the coating dispersiamsre filtered through a 200 um sieve before
starting the coating processes. During all theioggtrocesses, the dispersions were continuously
stirred to prevent sedimentation of insoluble p##. The coated pellets obtained after each
coating steps {1 2", 4"for the colon-targeted formulation andl, 2", 3¢ for the sustained-release
formulation) were sieved to discard potential aggdoates before continuing the coating process
with the next coating layer. After the sieving (B@ for 5 min, 500 um sieve, Rhewum vibrating
apparatus, Germany) only 1 Kg of the coated petibtained from the previous step was used for

the next coating step.

2.2.1 Preparation of coating dispersions for colon targeting

For the preparation of the first coating dispersitmudesonide and PVP were dissolved in
ethanol using a gentle stirring system (blade estirrdanke & Kunkel, model RW20, Ika
Labortechnik, Germany). Then, talc was disperse®C&t rom. The second coating dispersion
contained EudraditS100, which was solubilized in an isopropanol-waéxture (87:13) at 500

rpm for 2 hours using the blade stirrer. TEC and w&ere then added under the same conditions.
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The third coating suspension was an ethanolic isplutomposed of PVP, in which talc was
suspended at 300 rpm using the blade stirrer.

The outermost layer dispersion was prepared byb#izimg the Eudragft E100 granules in an
ethanol-water mixture (6:94) at 500 rpm. After cismplete solubilization, GMS and aluminium
oxide were dispersed using a T25 Ultra-Turrax (fK&taufen, Germany) at 13 500 rpm. Then, talc
was added to the suspension at 500 rpm using Haue Istirrer.

The coating parameters used for the applicatioragh coating layer in the fluid-bed coater are

listed in Table 1.

Table 1. Coating parameters used to produce thedomitle colon-targeted formulation

Coating parameters First coating: drug  Second coating: Third coating: Fourth coating:
layer delayed-release layer isolating layer protective coating
layer
Inlet air temperature 35-37 40-42 33-35 33-35
(°C)
Outlet air 28-30 32-34 26-28 26-28
temperature (°C)
Product 30-32 35-37 28-30 28-30
temperature (°C)
Air flow 15-25 90-95 90-95 70-85
(m/h)
Spraying rate 10-12 10-12 10-12 10-12
(g/min)
Air pressure 1.5-1.7 1.7-1.9 1.6-1.8 1.6-1.8
(Bar)

2.2.2 Preparation of coating dispersions for sustained release
As usual, for the preparation of the first coattligpersion, the soluble compounds were previously

dissolved in ethanol-budesonide and PVP with aebldrer (Janke & Kunkel, model RW20, lka
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Labortechnik, Germany). Microfine lactose was dispd using a T25 Ultra-Turrax (IKA
Staufen, Germany) at 13.500 rpm. Then, talc was@dding the blade stirrer at 300 rpm.

The second coating dispersion contained Eudt&®@ PO and RL100, which were dissolved in an
isopropanol-water mixture (with the ratio 87:13)580 rpm for 2 hours. Then, TEC and talc were
dissolved and dispersed, respectively. Considdéhegnature of polymers employed in the second
coating layer, this approach prevents the poterisiialof interaction with EudraditE100 as all the
polymers used are positively charged. In this cteeuse of isolating layers was not necessary. The
last coating dispersion was equivalent to that usedhe colon-targeting formulation. For this
reason, the preparation was made following the ganoeedure.

The coating parameters used for the applicaticgaoh coating layer are listed in Table 2.

Table 2. Coating parameters used to produce thesomitle sustained-release formulation

Coating parameters First coating: drug  Second coating: Third coating:
layer sustained-release  protective coating
layer layer
Inlet air temperature 33-35 28-30 33-35
°C)
Outlet air 25-27 25-27 26-28
temperature (°C)
Product 26-28 26-28 28-30

temperature (°C)

Air flow 15-25 70-85 70-85
(m/h)
Spraying rate 10-12 10-12 10-12
(g/min)
Air pressure 1.5-1.7 1.7-1.9 1.6-1.8
(Bar)

2.3 Characterization of multicoated pellets

2.3.1 Coated-pellet agglomerates
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To determine the amount of coated-pellet aggloresrahd to discard any potential agglomerates,
the coated pellets obtained after each step wewedi(i.e. after the®] 2" and 4" coating for the
colon-targeted formulation and th& 2" and ¥ coating for the sustained-release formulation).
This step avoids multiple coating or the preserickroken agglomerates during the next steps in
the coating process. The sieving was done at 3@oH5 min, using a 500 um sieve (Rhewum
vibrating apparatus, Germany). From the sievecetsethbtained from the previous step, 1 Kg was

then used as a starting point for the next coatiap.

2.3.2 Particle-size distribution

For both formulations, the particle-size distrilbatiof the multicoated pellets was evaluatter
each coating step, after withdrawing the agglonesrdity sieving. This evaluation was made by
laser diffraction (Mastersizr3000, Malvern Instruments, UK), using a dry samgigpersion
accessory (Aero S). The SOP (Standard operatingegure) used for the analysis was: Fraunhofer

scattering; dispersive air pressure, 0.5 bar; Vilgaate, 50%; measurement time, 10s.

2.3.3Quantification of budesonide

For both formulations, the drug content was deteealiby grinding the coated pellets in a mortar
and weighing an amount of powder containing a thigmal content equivalent to 3 mg of

budesonide. The drug was extracted using an etheaier-methanol mixture in the ratio

7:37.2:55.8 under sonication.

The high performance liquid chromatography (HPL@$tem used was a series 1200 Agilent
Technologies system (USA), equipped with a singlp, an autosampler and a diode-array UV
detector. The column used was an end-capped RARL8Ipheét STAR, Germany). The
chromatographic conditions were set as follows: elength, 225 nm; flow rate, 1.5 mL/min;

temperature, 30°C; injection volume, 100 pL; rundj 8 min. The LOQ (limit of quantification) of

10
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this method coincided with 0j2y/mL and the LOD (limit of detection) coincided wi®.5ug/mL,
which corresponded to 0.01% and 0.02% w/w budesonidntent in the coated dry

pellets, respectively.

All the data are the means of five determinatidie coating process efficiency was determined by

expressing the mean drug content as a percentdfe tifeoretical drug loading.

2.3.4Thermogravimetric analysis

To evaluate the residual amount of solvent aftecheeoating layer and in the final batch,
thermogravimetric analysis (TGA) (Q500, TA Instrumtee USA) was performed. Approximately
10 mg of intact coated sample was loaded in platipans and heated from 30°C to 170°C at a

heating rate set at 10°C/min.

2.3.5 Characterization of the film structure

The morphology of both the external surfaces amerirstructure of the multicoated pellets was
evaluated using scanning electron microscopy (SHid).the analysis of the external surface, a
sample of several pellets were fixed and “sprinki@ato a conductive, adhesive tape placed on a
sample holder. All preparations were sputtered vgtid/palladium to obtain an electrically
conductive surface. The samples were immediatedyyaad to avoid any change in characteristics.
The analysis was performed using a high-resoluteld emission scanning electron microscope (7
kV, Jeol JSM using an oil diffusion pump 6610LA,Kjo, Japan). For the cross-section analysis,
pellets were embedded in a light curing resin (Hesalechnovit 2200 light cure). After hardening
(= 2 minutes), the embedding was cooled in liquidogén. Then, the embedding was fractured
using a plier and dried before sputtering with ggldiladium to obtain an electrically conductive

surface (10 kV, Jeol JSM using a turbo moleculanpuT 300, Tokyo, Japan). The coated pellets

11
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were observed at different magnifications betweadx2500x and 1000x.

2.3.6Dissolution test

A Distek 2100C USP 29 dissolution apparatus (Distek, North Brunswick, NJ, USA), Type I
(paddle method), with a rotational speed of 100 gmu a temperature set at 37°C, was used for the
dissolution tests.

For the colonic-release formulation, the dissolutiest was carried out for 2 hours in 750 mL of
acid medium pH 1.2 (HCL 0.1N) and for 45 minutesli@0O0 mL of phosphate buffer medium
(PBS) [0.05M] at pH 7.5. Indeed, to mimic distaiestine pH value (pH 7.5), 250 mL of tri-sodium
phosphate dodecahydrate was added to the acidimmedhe dissolution tests on the sustained-
release budesonide multi-layered pellets were pmdd in one of two different manners,
depending on the coating step at which the testdeas. When the dissolution test was performed
on the pellets obtained after the modified-relezsating (29 coating), 1 000 mL of PBS 0.05 M at
pH 7.5 was employed as a buffer medium and 6 ndaaoiple was withdrawn after 1, 2, 4, 6, 8 and
24 hours. The withdrawn volumes were replaced etfhal volumes of blank medium to maintain
the volume of the dissolution medium constant duthre whole test. When the dissolution test was
performed after the protective-coating layef (dating), the test involved 750 mL of acid medium
pH 1.2 (HCL 0.1N) for 2 hours followed by 22 houmsPBS 0.05 M at pH 7.5. As before, 6 mL of
sample was withdrawn after 1 and 2 hours in thdi@aenedium, and 1, 2, 4, 6, 8 and 22 hours in
the buffer medium and replaced with an equal volaihblank medium. A maximum dissolution
test duration of 24 hours was selected because wkamy a liquid dosage form based on a
suspension of small particles, Gl transit timesshr@rter than for solid dosage forms.

The amount of drug released was detected by HPLgilgt, USA) in both acid and phosphate
buffer medium (see 2.3.3. Quantification of budédenafter filtration and propriate dilution of the
withdrawn samples. The dissolution tests were peréd on dry multi-layered pellets and on multi-

layered pellets dispersed extemporaneously in éeenstituted syrup; in both cases, the syrup

12
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contained 3 mg of budesonide. The percentages ofj deleased were quantified at the

predetermined times and averaged (n=6).

2.4 Preparation of the syrup and stability of the dispersed pellets

To evaluate the stability of the budesonide-loadedticoated pellets in a liquid dosage form, a
“conventional” syrup was prepared. Kollidd80 (10% w/w), sorbitol (60% w/w) and the buffering
agents (disodium hydrogen phosphate dihydrate) dissmlved in water at 60°C + 5°C at 500 rpm
using a blade stirrer (Janke & Kunkel, model RWR@,Labortechnik). Then, AvicBIRC-591 (2%
w/w) was dispersed at 400 rpm. The suspension waked at room temperature and the final
volume was adjusted with water to 100 mL. The ptswat at 7.5 + 0.2 with sodium carbonate
(0.24% wiw). For both formulations, multi-coatedlgis were added to reach a concentration of
budesonide of 3 mg/10 mL of dispensed dose andythgs were poured into closed amber glass

bottles. The final preparations were stored at 250% + 5 RH.

Both the drug content and dissolution profiles ofiésonide were evaluated at time zero, and after
1 and 2 weeks oftorage using the methods described before. Tatifpdime amount of budesonide

in the syrup (i.e. inside and outside the pelle&t®)mL of sample was dispersed in a mixture made
of 20 mL purified water and 40 mL ethanol beforengesonicated for 20 minutes. Then, another 30
mL of ethanol was transferred into a 100 mL amhb®umetric flask to be sonicated for other 30
minutes. Samples obtained from an appropriate idiu¢1:10) of the filtered extracts with the

dilution phase (methanol-water 60:40) were inject¢d the HPLC to be quantified.

The amount of budesonide that was diffused outsideellets in the syrup during the storage was
also investigated. A sample of 5 mL of the syrug wi&spersed in 10 mL of ethanol before being
centrifugated for 5 minutes, at 2 000 rpm and &C2(Haerus Multifuge X1R centrifuge, Thermo
Scientific, USA). Samples obtained from an appaterdilution (1:150) of the filtered extracts with

the dilution phase (methanol-water 60:40) werecitgjé into the HPLC to be quantified.

13
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2.4.1 Satistical evaluation

The Student’s t-test was used to determine whelidemeans of two sets of data were significantly
different from each other. In this case, the teas \@one on the amount of BUD released at time
zero from the colon-targeted formulation, compasgith the amount obtained after 1 and 2 weeks
of storage. If thg value is higher than 0.05, no significant differem@re present between the two
sets of data [28].

In addition, the similarity factorf{) was used to determine the similarity of dissolutprofiles for
the sustained-release formulation. This test ismenended in the FDA’s Guidance for Industry for
profiles that include different time points, such this one. To compare the dissolution profiles
obtained, the same test conditions were set andatime dissolution time points were examined. If
thef, value is included in the range between 50 and t@0two dissolution profiles are considered

similar [29].

3. Results and discussion

3.1 Characterization of multicoated particles
3.1.10ptimization of the coating procedure

The lab-scale bottom-spray fluid-bed coater usgateduce both budesonide formulations is a
prototype adapted for coating small particles wihymeric films [22]. It has the following
structural components: a hole distribution plateposed of eight concentric circumferences with
holes of different diameters, 4.0 mm, 0.8 mm adnim, in sequence respectively; a main
chamber 96 cm high; and a metal filter structuri\aisize aperture of 250 um. Also, the position
of the cylinder (placed 3 cm away from the perfedaplate) was adjusted to improve the particle
flow and the distribution of coating on the paeislurfaces.

14
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Budesonide-loaded colonic-release multicoated pellets

During the first coating, the main issue was shetwhe the spray drying of the ethanolic dispersion
when the inlet temperature was too high. It was aestrated that the yield of the process was
improved from 80% to 95% when the inlet temperatues set and limited to a 35-37°C range,
with a corresponding product temperature of 30-32°C

The pH in the caecum and in the ascending colopsdto slightly acidic values because of an
anaerobic bacterial metabolism that results in @ll@ccumulation of short-chain fatty acids.
However, the traverse and descending branchesestered to a neutral to slightly alkaline
environment due to the absorption of fermentatimdpcts. In vivo pH variabilities in the intestine
do not permit a specific drug release to be predict the entry to the colon. However, such
changes in the pH have been studied to achieventafgeting of drugs through the application of
pH-sensitive coatings [30, 31]. To avoid an eamyease of drug in the upper part of the
gastrointestinal tract and to attempt to release fihe correct site of the colon, Eudrgi100 was
used in the second coating as the pH-sensitivenmlmolymer. Different percentages of coating
were evaluated from 17% to 25% wi/w of total solmtkjch corresponded to 12.4% to 18.1% w/w
of Eudragit $100. The aim was to evaluate the appropriate amofiobating to allow a good
protection in acidic gastric medium as well as st fdrug release in intestinal buffer medium at
around pH 7.5, which corresponds to that of thenilgi.e. the last section of the small intestine
before entering to the ascending colon). The resffitained in this paper demonstrate that the
formulation selected for the second coating wase #dbbrovide gastro-resistance and a high release
of budesonide in the buffer medium at pH 7.5 duthmgdissolution test (see 3.4).

The third coating was an ethanolic dispersion oPR¥d talc. This coating aimed to avoid potential
interaction between the anionic and the cationiyrmers present in the second and in the fourth

coating, respectively.
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For the fourth coating, the main issue was theiadiffy in reaching sufficient integrity of the
protective film based on Eudragit®0, a cationic polymer. The addition of hydroplwobi
substances to the polymer was able to increas&riegth of the protective film as a barrier agains
the liquid vehicle in the reconstituted syrup. Thigrrier prevented, or at least decreased, the
liquid’s swelling and gel-forming properties, whialne normally activated after prolonged contact

with neutral pH media [32]. The composition of gedected formulation is shown in Table 3.

Table 3: Qualitative and quantitative compositig¢#@v/w) of each layer present in the selected butidseloaded

colonic-release multi-layered pellets

Substance Core First coating:  Second coating: Third coating: Fourth coating:
drug layer delayed-release isolating layer protective
layer coating layer

Neutral core 48.56

Budesonide 0.73

PVP 0.24 2.01

Talc 0.24 3.04 2.01 6.57

Eudragit S100 12.44

TEC 1.69

Eudragit E100 20.45

GMS 1.01

Aluminium 1.01

oxide

Ethanol N N N

Isopropanol \

Water \* \*

% coating 1.21 17.17 4.02 29.04

* The percentages of water in the coating dispessivere 15% and 6% for the second and fourth apatiyers,
respectively.

Budesonide-loaded sustained-release multicoated pellets

In addition to the spray-drying issue already eméexed with the colonic-release multi-layered
pellets, the poor solubility of budesonide (BUDwater (10.7 mg/ L at 25°C) was another issue to
solve when developing a sustained-release dosage Therefore, it was decided to add lactose as
a hydrophilic and hydrosoluble compound to incraasehydrophilic environment around the drug

upon contact with aqueous fluids. As ethanol wasl&s a solvent to dissolve budesonide and PVP
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for the first coating, micronized lactose and talere used to obtain a homogeneous coating

suspension.

The second coating was made of water-insolublerpety to obtain a sustained release of BUD.
Eudragi® RS PO and RL 100 were selected as they were cistepaiith each other, allowing the
use of different ratios to modulate the releasdilpsoof BUD from the developed sustained-release
multilayered pellets. Two batches produced with %0@/w of each polymer were used as
references for high (RL) and low (RS) permeabitigyrier films to control the drug release. Three
polymer ratios were also evaluated, namely RS-RI5G0RS-RL 70:30, and RS-RL 30:70 to
obtain coatings with intermediate permeabilitieswaen the low- and high- permeability barrier
films. The results obtained in this paper demotsstthat the formulation selected for the second
coating was able to provide a sustained releaB&J&f during the 24-hour dissolution test done in a
PBS 0.05 M buffer medium pH 7.5.

After the second coating, the outermost coating based on EudraditE100. This coating was
similar to that used for the colon-targeted coateliets and was applied to avoid the early release
of the drug in the reconstituted syrup during ggeral he composition of the selected formulation is

shown in Table 4.

Table 4: Qualitative and quantitative compositi¢¥sv/w) of the selected formulation for budesonidstained-release

pellets
Substance Core First coating: drug  Second Coating: Third coating:
layer sustained-release  protective coating

layer layer

Neutral core 57.83

Budesonide 0.87

Lactose 1.74

PVP 0.29

Talc 0.29 2.14 7.22

Eudragit RS PO 1.28

Eudragit RL100 2.99

TEC 0.64

Eudragit E100 22.49

GMS 111

Aluminium oxide 1.11

Ethanol \ \

Isopropanol \

Water \ \
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% of coating 3.19 7.05 31.93

* The percentages of water in the coating dispessiere 13% and 6% for the second and third codéipers,
respectively.

It is important to underline that the coating pssesed for the production of the multi-layered
sustained-release pellets is much simpler andrfdsde that used in a previous paper for obtaining
omeprazole delayed-release pellets (three coatiyryd versus five coating layers). This is because
in his case, there is no need to apply two addititsolating layers to protect the active ingredlien
from the enteric polymer (which is acidic) or tooay interaction between the modified-release and
protective coating layers (both are cationic polggnen contrast to the anionic and cationic

polymers used for omeprazole).

3.2 Physicochemical characterization of coated pellets

The particle-size distribution of both budesoniderfulations was evaluated at the end of each
coating step. Film coating is a complex processbse many variables are involved, and the
altering of these parameters is generally resttif38]. The critical process variables that inflaen
the coating efficiency include the following: theat air temperature and humidity; the air pressure
used for atomization; the flow rate of coating srepon sprayed and of the drying air; and the
possible subsequent curing process [34-36]. Coatipgriments were performed to find the right
balance among all these parameters to avoid sommoa problems met during the coating of
small particles. Such problems can be agglomergi@momena, spray-drying effects, occlusion of
the nozzle or filter and the non-uniform applicatmf coating dispersion droplets. The flow rate of
the coating suspension and the air pressure detiespray frequency and the size of droplets
sprayed. Moreover, good ventilation guaranteednadgeneous flow of particles into the Wurster
over a number of applications until the desirediogaveight was deposited. Factors such as a
higher coating suspension flow rate, higher humpiditlower drying temperature in comparison to

the optimal values lead to an over-wetting of fsltbat can potentially cause agglomeration
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phenomenon. The generation of electrostatic chatgesg the coating process is another critical
parameter that can alter the formation of a homeges layer on the particles. This is because the
particles remain attached at the wall of the maianeber, and so avoid receiving the sprayed

coating suspension, which dries and flows awayutinche filter.

The generation of electrostatic charges was péatiguhigh with the outermost protective coating,
which contained EudraditE100. This effect has most influence on this p@&yim comparison to
the other polymers. However, as observed from #ta dhown, the particle size increased during
the coating procedure (Tables 5 and 6, from @m/for the neutral pellets to 350-37n for the
sustained-release and colon-targeted multi-layqueltets, respectively) thanks to the coating
deposited. However, it remained low enough notreate a swallowing impairment for patients
(D(50) < 500um) [19]. The low standard deviation values obtaif@deach coating step give a
good indication of the homogeneity of the coatimglwe pellets, underlining an effective dispersion

of coating on the patrticles.

At the end of the whole coating process, the maatesonide content inside the coated pellets of
both formulations was around 90% w/w in comparigonthe theoretical loaded drug. This
relatively low drug content is probably due to thes of a fraction of the sprayed suspension by
spray-drying. The results presented in Tables 5 @nshowed that the production could be
considered satisfactory for lab-scale coating egeimt for such small particles.

High levels of residual solvent in the inner sturet of coated pellets may compromise their
stability over time during storage. The productprocess could be considered as satisfactory as the
value of residual solvent reached was limited dfter entire coating process and remained below
5% wi/w. The coated pellets were analysed by TGAdsting them to temperatures in the range of
between 30°C and 150°C, at which solvents useldepteparation of the coating suspensions were
fully removed, considering their boiling temperasir(78.4°C for ethanol, 100°C for water and

82.5°C for isopropanol) (Table 5 and 6). The oladinesults for the residual solvent content (i.e.
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between 2.4 and 4.5%) demonstrate that these valuebe limited once the right parameters are
set during the whole coating process, reducingotissibility of poor stability of the multi-layered

pellets during storage in the reconstitutable syrup

Table 5:Percentage of agglomerates, particle size distabuyield and residual solvent content results
obtained after each step of the coating procedura fepresentative budesonide colon-targeted multi

layered particle batch produced with the seleateahdilation (D(50) of uncoated pell&t277.2 + 1.8)

Mean diameter
Colon-targeted | % of agglomerate D(50) @m) % of yield % residual solven
formulation (n=1) (n=3, mean +s.d) (h=5, mean £s.d (n=1)

Budesonide 1

coating 0.0 278.2+0.6 95.2+ 1.0 4.5
Budesonide %'

coating 0.2 315.6 £ 0.3 91.2+ 2.6 2.4
Budesonide %

coating 0.5 371.0+15 90.1+ 4.9 2.9

Table 6:Percentage of agglomerates, particle size distabuyield and residual solvent content results
obtained after each step of the coating procedura fepresentative budesonide sustained-relealsie mu

layered particle batch produced with the seleateahdilation (D(50) of uncoated pell&t77.2 + 1.8)

Sample: sustained- Mean diameter ; ;
release .formulatio 1 % of agglomerates D(50) (wm) % of yield % residual solven
(n=1) (n=3, mean +s.d) (h=5, mean £s.d (n=1)
Budesonide %
coating 0.0 281.1+0.3 92.2+2.2 4.5
Budesonide %
coating 0.4 291.2+0.5 91.9+ 4.2 4.4
Budesonide '8
coating 0.6 350.5+£6.8 91.8+1.8 2.8

3.3 Microstructure evaluation of coating layers
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Generally, uncoated pellets presented a rough madular surface [33]. From observation, the
uncoated surfaces (Figure 1) were smooth but ifeeg@nd became more rounded, with no visible
cracks, when coating polymers were applied to tiidase of the particle using appropriate
experimental parameters. Structural imperfectisnsh as porosity or discontinuity of the coating
layer and lower layer thickness, could be obsefveth the cutting of pellets. Such imperfections
should be avoided by optimizing the coating procedguo obtain a modified release of the drug,
with good reproducibility. The surfaces and inneucures of the coated pellets were evaluated by

SEM after the whole coating procedure for both falations (Figures 1 and 2).

As can be seen in Figure 1, the neutral pelletd yzesented quite smooth surfaces. The
multilayered pellets obtained at the end of eadting step maintained their regular aspect with no
apparent porosity or defects, which indicated thia# coating processes were performed
appropriately. Moreover, it should be pointed tatttthe film formation process in organic solvent-
based systems is fundamentally easier in compatisaiat with aqueous-based systems. The
polymer solutions undergo a sol to gel transitigoru solvent evaporation to eventually form the
polymeric film [37]. Once the solutions are spraymdo the pellet surfaces, the organic solvent
evaporates and the polymer chains approach eaehn mHorm a thin homogeneous film. As a
consequence of the easier film formation and lovtiainviscosity presented by the coating
dispersions, a smooth film on particles was prodidedeed, all the sprayed suspensions presented
relatively low initial viscosities. Consequentlizetsurface of the film coated pellets was not psrou
and the agglomeration phenomena were very limitednaspraying the suspension in the fluidized

bed equipment (Figure 1; Tables 5 and 6, agglomoeraelow 1%).

The low percentage of coating sprayed on and tivealmount of drug loaded reduced the whole
coating procedure time (< 10 hours). Indeed, tragicg time was much shorter to that used for the
preparation of omeprazole pellets (i.e. 5 coatenggt, coating time around 24 hours) [22]. This

reduction limited the number of particle-particledaparticle-wall collisions, which are normally
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responsible for small cracks on the particle s@f@8]. The major problem related to the coating
process was the generation of electrostatic changesn the polymer employed was Eudr3git
E100. These charges were mainly critical for thiemmal protection coating layer. During this step,
pellets tended to remain attached to the walldhefdentral chamber. Consequently, they avoided
the appropriate application of the coating droptetto their surface and their size increased, both
of which facilitated the spray drying effect. Thengration of electrostatic charges was partially
solved thanks to the addition of water in the cwatiispersions, which increased the humidity
inside the main chamber. Imperfections such as fiarosity, resulting from spray drying
phenomenon, and cracks, resulting from multipleigarparticle and particle-wall collisions or
from the formation of repetitive particle-particiticking detachment [38], can be observed as
shown in Figure 2. For these small particles, thesgnce of very small imperfections could
potentially make the protective film much more sevesto the liquid vehicle during storage, which

may potentially alter the release profiles during dlissolution test.

3.4 Dissolution test
Dissolution tests were performed on both budesofudaulations to demonstrate the achievement

of the release targets, using the methods desarib®ection 2.3.6.
3.4.1 Budesonide colon-targeted formulation

The requirements imposed by European Pharmaco@ibkisEdition for solid delayed-release
formulations allow a maximum of 10% w/w of API te lbeleased during the two-hour acidic step
and a minimum of 85% w/w of API to be released niyithe 45-minute buffer step [39]. As can be
seen in Figure 3the release of budesonide from the colon-targedechdlation after 2 hours in
acidic medium was below the LOQ, demonstrating that gastro-resistance of the coating was

preserved at pH 1.2. Moreover, around 95% of buddsowas released at pH 7.5 after 45 min.
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514  (Fig. 3). This demonstrated that the last protectayer was dissolved in acid medium during the
515 first two-hour acidic step and that the colonicelayas properly dissolved at pH 7.5. Indeed, the
516 last protective layer maintained the stability loé tmulti-layered microparticles once suspended in
517 the syrup at pH higher than 5. However, it dissolgeickly at acidic pH. This exposed the layer
518 responsible for the colonic release, which, oneeptH was brought to 7.5, dissolved and released
519 the active substance. As described above, the ptHeobuffer medium was chosen to allow the
520 dissolution of the polymer selected for the coldmigeting, which happens at pH higher than 7.0.
521 The same colon-targeted formulation with two déf&r percentages of second coating (17.2% and
522  24.9% total solids, equivalent to 12.4% and to #8df Eudragit S100) was evaluated to verify the
523 influence of the coating thickness on the rele&sédoth cases, the targeted release was reached
524  with similar results (% budesonide released: < Li@@e acidic step and around 95% in the buffer
525 step). However, the formulation with the lower mamage of sprayed coating was selected due to

526 its lower processing time, which is more compatibith a future scaling up.

527  Moreover, similar percentages of released budesong&te obtained when the dissolution test was
528 performed from the multi-layered pellets dispersethe syrup, immediately after its reconstitution

529  (Figure 3). The amount of drug released, in boill and phosphate buffer medium, corresponded
530 to the results obtained for dry budesonide muitetad particles (% budesonide released: < LOQ in
531 the acidic step and around 95% in the buffer st€p)s demonstrated that the fourth protective
532  coating layer presented an appropriate barriemagtie external aqueous vehicle.

533
534  3.4.2 Budesonide sustained-rel ease for mulation

535 For the sustained-release formulation, the aim t@asvaluate the ability of such small coated
536  pellets to sustain the release of the drug andadutate the dissolution profile. Modification would
537 be due to different ratios of the two insolubleymoérs (Eudragifs RS and RL), as the polymers

538 have different permeability characteristics. Asrst fstep, different batches were produced up¢o th
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second coating, which is responsible for the sosthirelease. This was done to determine the
appropriate RS-RL ratio to control the budesonilease up to around 24 hours, by which time

most of the APl would be released (Fig. 4).

Maximal percentages (100%) of both RS PO and RLW6fe used to evaluate the two extreme
dissolution profiles to obtain the lowest and tighlst amounts of drug released. To determine the
suitable polymer ratio from the ones produced,dlig®on tests were done at a constant buffered
pH of 7.5. This avoided the starting acidic steptltee permeability of both insoluble polymers is
pH-independent and there was no protective codsipgr. The dissolution tests were performed
over 24 hours even though the residence in thencati@r the transit in the stomach and in the small
intestine is within a variable period of time (beem 7 to 48 hours) [40]. Indeed, it seemed
reasonable to consider a maximum dissolution tesdtibn of 24 hours as the Gl transit times are

generally shorter for small particles, especialhew using a liquid dosage form.

The examination of the dissolution results obtaiimeéigure 4 showed that the drug release was
very low when the pellets were coated with Eudr&ftt alone (around 5% release within 24h,
showing that the film permeability was too low). @re other hand, the budesonide release was
around 80% within 24h for the pellets coated withdiagit RL alone. As expected, when the ratio
of the high-permeability polymer RL was increasedhie polymer blends, the drug release profiles
increased from around 40% (RS:RL 70:30) to aroufb TRS:RL 30:70) of drug released within a
24h dissolution test. When the polymers were pitesean equal blend ratio (RS:RL 50:50), the

drug release was around 55% within 24h.

The RS:RL 30:70 ratio was selected because itstyald release the API was similar to that
obtained with the high permeability polymer aloriRL(100%) and consequently higher in
comparison the other ratios. Moreover, the presémdhis ratio of 30% of the low-permeability
polymer (RS) guaranteed a better protection of icndted pellets once dispersed in the syrup,

during storage.
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Two different percentages of the second coatingrldy.1% and 9.5% total solids, equivalent to
4.3% and to 5.8% of polymer blend), using a RS:Riiorof 30:70, were then evaluated to verify
the influence of the coating thickness on the drlgase. It was demonstrated that the increase in
the thickness of the second coating layer from 7t4%.5% provoked a decrease in the release of
budesonidewithin the 24h dissolution test from 78% to 68%spectively (data not shown).
Consequently, two batches with the two differentcpatages of the second coating (i.e. 7.1% and
9.5% of total solids) were produced until the lpitective coating layer. These were analysed in
terms of dissolution profile and stability aftespérsion in the syrup. Once the final batches were
produced, dissolution tests involving two hoursoidic step at pH 1.2 and 22 hours of buffer step
at pH 7.5 (with withdrawals after 1, 2, 4, 6, 8 @&®lhours from the beginning of the buffer step)

were performed.

In both cases, as the progressive release of thg was effective from the beginning of the
dissolution test, the outermost layer was quick$gdlved without an initial lag time within thedtr

two hours of the acidic step. As soon as the laatieg was dissolved, the sustained-release layer
started to control the release of budesonide BigMoreover, the release of the drug continued
after the pH changed (from 1.2 to 7.5), followinge ttwo-hour acidic step. The release of

budesonide from the coating consisting of two inbtd polymers, was pH-independent.

The comparison of the release profiles obtainenh filwe multi-layered pellets before (dry) and after
dispersion in the syrup permitted the observatimat slightly higher percentages of budesonide
were released when the dissolution test was peddrom the multi-layered pellets dispersed in the
syrup, immediately after its reconstitution (Fig). 3he amount of drug released from the
formulation with the two different coating percegea (3° coating equal to 7.1% and 9.5%)
occurred in similar quantities, reaching valueshkigthan 90% w/w in 24 hours. This result

demonstrated that the fourth coating was an aptegoarrier against the external aqueous vehicle

25



588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

in both cases. As such a thick coating layer issremmpatible with a future scaling up in industry,
the formulation with a lower percentage of coafi#tj coating equal to 7.2%) was selected.

The similarity factorf, was calculated for this formulation for the diffat time points (1 and 2
hours in the acidic step and 1, 2, 4, 6, 8 andd&2in the buffer step). This value was in thegean
between 50 and 100. This showed that no signifinaodification in terms of the sustained-release
properties of the second coating were observed dispersion of multicoated pellets in a neutral

pH aqueous medium.

3.5 Sorage stability test

The reconstitutable syrup exhibited its capabilityprovide a stable system for at least 2 weeks at
ambient temperature for both formulations of budes® multi-layered particles. As shown in
Table 7, after a storage period of 2 weeks in {maps a minimum of 89% w/w of the budesonide
nominal dose was released from the colon-targetated pelletsn the 45 minutes of buffer stage.
Indeed, it was observed that the release of BUbenbuffer medium decreased slightly during the
storage. Release went from 97.8% immediately ditgrersion to 89.3% after 2 weeks of storage at
25°C. To verify the reason for the decrease in Blgl@ase after storage, the dissolution test was
prolonged to 4 hours in the buffer medium. Frons #imalysis, it was clear that the drug release was
not completed within 45 min in the buffer stagewdren the storage time was increased. This could
be due to the progressive swelling and diffusiothefpolymers used in the different coating layers
when the pellets were dispersed in the recondtitsigup. Indeed, an interaction between the
cationic and the anionic polymer (E100 and S10G) oacur during storage, forming a less
permeable coating that can alter the diffusionhef dissolved drug. The results in Table 7 showed
that the decreasing effect observed during stomagle reconstituted syrup was higher after 2

weeks of storage and greater release of the dtag4f dissolution in the buffer stage.
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The p was calculated between the average of the disealgiints after 45 minutes of buffer step,
(the point to be considered in accordance withEheopean Pharmacopoeid &dition) at time
zero and at the stability at 1 week, using the &tud-test. The results demonstrated that the two
sets of data were not significantly different fraach otherg=0.07). When the was calculated
between the average of dissolution points, aftem#tutes in the buffer step, at time zero and at th
stability at 2 weeks, the results showed a sigmificdifference between the two sets of data
(p=0.003). Nevertheless, the drug release valuesnalokdor up to 2 weeks’ storage satisfied the
common requirements for delayed-release dosagesfdrass than 10% of BUD was released in the
2 hours of the acidic stage and more than 85% dD B¥as released in the first 45 minutes of the

buffer stage, considering all the storage periqu&w2 weeks.

Table 7: Percentages of budesonide released frdom-targeted multicoated pellets dispersed in #eonstituted
syrup at the predetermined time points of storag25aC (time zero, 1 and 2 weeks): 2-hour acidagst(pH 1.2),
followed by a pH 7.5 buffer stage at different tipwints: 45 minutes, 2 and 4 hours (n=6, mean % s.d

Time points: % BUD released % BUD released % BUD released % BUD released
after 2hinthe  after 45 min.inthe  after 2hin the after 4h in the
acidic stage buffer stage buffer stage buffer stage
Time zero 0.96 +0.11 97.8+1.8 101.3+1.2 100155
1 week of storage 2.81+£0.24 95.5+4.2 101.80+ 5. 101.6 +3.6
2 weeks of storage 4.25 +0.37 89.3+4.2 90.87+ 3. 96.5+ 3.6

In the case of the sustained-release formulatlfmreconstituted syrup also exhibited its capabilit
to provide a stable system for budesonide multagt particles with the selected formulation, with
7.1% second sprayed coating layer. Indeed, afstorage period of 2 weeks in the syrup, the drug
release obtained at the end of the dissolutioniteite buffer medium was limited and decreased
from 90.2% to 87.2% w/w of budesonide’s nominal el¢Fable 8). A deeper evaluation of the
dissolution results obtained during storage shotired the decrease in drug released is higher
during the first hours of the dissolution test (dogdesonide release values of 60.0%, 52.9% and
49.7% after 2 h in the buffer medium for the cogpetlets immediately after reconstitution, and

after 1 and 2 weeks of storage, respectively). &lséght modifications in the release profiles cbul

27



636

637

638

639

640

641

642

643

644

645

646

647

648

649
650
651

652
653

654

655

be explained by the potential diffusion of the ampugemedium through the different coating layers
and their progressive swelling during the storagethie syrup. Both the compositions of the
protective layer (i.e. addition of hydrophobic cayupds) and the syrup (i.e. addition of high
concentrations of sorbitol and of viscosifying aig¢nvere chosen to try to limit the penetration of

water into the pellets and to guarantee the stalifithe pellets after reconstitution.

The similarity factor ;) was calculated for all the dissolution resultfheyated to verify the
similarity of the dissolution profiles. Thig values obtained were 65% and 60% (in comparison to
the initial dissolution profiles), after 1 week aBdveeks, respectively. Therefore, the dissolution
profiles obtained during the 2-week storage at 2&3@d be considered similar to that at time zero.
The stability of the dissolution was also testedtifie multilayered batch with the higher percentage
of second coating (9.5%). In this case, a goodlgiabf the coated pellets was provided after thei
dispersion in the syrup for the two weeks of steraglthough with a lower percentage of
budesonide released in a 24 h dissolution testi(manr release in the 24h of buffer step equal to

91.0+1.4 attime 0, 89.1 + 1.7 at 1 week and &1141at 2 weeks).

Table 8: Percentages of budesonide release frotised-release multicoated pellets with 7.1% obséccoating total
solids (equivalent to 4.3% of polymers blend), dised in the reconstituted syrup at predetermiimad points of
storage at 25°C (time zero, 1 and 2 weeks): 2-hoigic stage, followed by a 24-hour pH 7.5 buffexge (n=6, mean
+s.d.)

% drug release

Samples Time zero 1 week of storage 2 weeks of storage
1hacidpH1.2 35.0£1.8 27.6 £0.7 24.9+0.7
2hacidpH 1.2 48.4 +2.7 39.6+1.7 36.8+1.9
1 h buffer pH 7.5 51.7+19 40.3+25 37.2+19
2 h buffer pH 7.5 60.0+1.9 52.9+0.9 49714
4 h buffer pH 7.5 70.9+2.6 62.0 £3.3 56.6 £ 0.9
6 h buffer pH 7.5 78.3+£3.2 64.0+1.6 61.3+1.8
8 h buffer pH 7.5 81.9+31 72.7+15 69.5+15
24 h buffer pH 7.5 90.2+4.2 89.4+29 87.2+2.1
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4. Conclusion

In this study, the oral system based on a muliéleg particle technology showed an innovative
process that will permit the production of recanéble liquid dosage forms with modified-release
properties. The multi-layered microparticles obtgirusing a coating procedure in a bottom-spray
fluid-bed coater maintained, at the end of the @ssc the smaller size which has been highly
awaited to address the need in patients with swailp impairment, such as paediatric, elderly or
critically ill patients. Such small particles disped in a syrup could improve patients’ compliance
and consequently the effectiveness of their therapy

In this study, it was demonstrated that the malgeled particle technology is a flexible
manufacturing process that is suitable for differkimds of release, such as colon-targeted or
sustained release. In both the developed formulgtithe multicoated pellets were able to provide
an appropriate control of the drug release in lthand liquid dispersed states. Moreover, this
new approach showed a good stability of the drlggse profiles for at least 2 weeks when the
multi-layered pellets were suspended in a syrup stoded at ambient temperature. From an

industrial perspective, it could be interestingpply this kind of technology to other drugs.

Role of the funding sour ce

This work was financially supported by BePharBel ndfacturing. The sponsor of this study
approved the study design, but was not involveithéninterpretation of the data or in the writing of

the article. The sponsor has read and approvecbtttent of this article before its submission.
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Fig. 1: SEM pictures of budesonide colon-targeted and sustained-release batches surface at the end
of a coating procedure, taken following the formulation and coating parameters presented in Tables
1-4, respectively. The microstructure of the coated pellets was compared with the neutral pellets

(Cellets®263), and analysed at different magnification (250x, 500x, 1000x).

Fig. 2: SEM pictures of the cross section of budesonide colon-targeted and sustained-release
batches at the end of a coating procedure, taken following the formulation and coating parameters
presented in Tables 1-4, respectively. The coated pellets were analysed at different magnification

(500x, 1000x). Imperfections such as porosity and small cracks are shown.

Fig. 3: Dissolution profiles of the colon-targeted multi-layered pellets (17.2% of 2"-coating
total solids, equivalent to 12.4% of Eudragit S100) before and after dispersion in a conventional
syrup, after 2 hours in the acidic stage and after 45 minutes in the pH 7.5 buffer stage (mean

values +/- s.d., n=6).

Fig. 4: Influence of the different ratios of insoluble polymers (RS:RL) in the modified-release
layer on the dissolution profiles of budesonide, done in a pH 7.5 buffered medium. The test was
performed on the dry sustained-release pellets coated up to the second layer, which consisted of
9.5% of total solid, equivalent to 5.85% of insoluble polymer blends (mean values +/- s.d.,

n=06).
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Fig. 5: Dissolution profiles of the dry sustained-release multi-layered pellets before and after
dispersion in a conventional syrup after 2 hours in the acidic stage pH 1.2 and 22 hours in a pH
7.5 buffer medium (mean values, n=6). The coated pellets tested were constituted of the same
formulation as shown in Table 4 but with two different percentages of 2™ coating layer: 7.1%
and 9.5% of total solids, equivalent to 3.4% and to 5.8% of polymer blends using an RS/RL

ratio of 30:70.



Neutral pellets (Cellets® 263) Budesonide colon-targeted Budesonide sustained-release
formulation formulation
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