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Abstract  10 

 

In the present work, the possibility of manufacturing by Injection Molding (IM) a gastro-resistant capsular 

device based on hydroxypropyl methyl cellulose acetate succinate (HPMCAS) was investigated. By 

performing as an enteric soluble container, such a device may provide a basis for the development of 

advantageous alternatives to coated dosage forms. Preliminarily, the processability of the selected 15 

thermoplastic polymer was evaluated, and the need for a plasticizer (polyethylene glycol 1500) in order to 

counterbalance the glassy nature of the molded items was assessed. However, some critical issues related to 

the physical/mechanical stability (shrinkage and warpage) and opening time of the device after the pH 

change were highlighted. Accordingly, an in-depth formulation study was carried out taking into account 

differing release modifiers potentially useful for enhancing the dissolution/disintegration rate of the capsular 20 

device at intestinal pH values. Capsule prototypes with thickness of 600 and 900 µm containing Kollicoat
®
 

IR and/or Explotab
®
 CLV could be manufactured, and a promising performance was achieved with 

appropriate gastric resistance in pH 1.2 medium and break-up in pH 6.8 within 1 h. These results would 

support the design of a dedicated mold for the development of a scalable manufacturing process. 

 25 
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1. Introduction 

Preventing the chemical degradation of active principles in the acidic environment of the stomach and 

protecting the gastric mucosa from irritation phenomena induced by drug assumption are the two main 

reasons for conceiving gastro-resistant dosage forms (Dulin, 2010). Such formulations are also used to 35 

pursue selective release into particular regions of the intestinal tract, either to exploit favorable absorption 

sites or provide treatment for local diseases. Moreover, according to a time-dependent strategy, the colon can 

be targeted by enteric-coated pulsatile delivery systems able to provide lag phases starting on gastric 

emptying, with the coating dissolution, and lasting throughout the small intestinal transit time (SITT) (Davis, 

1985; Gazzaniga et al., 1994; Gazzaniga et al., 2006). 40 

Gastric resistance is generally obtained by means of polymers with pH-dependent solubility; the most widely 

employed are acrylic and metacrylic acid copolymers (e.g. Eudragit L, S and FS), polyvinyl acetate phthalate 

(PVAP) and cellulose derivatives (e.g. cellulose acetate phthalate, CAP; hydroxypropyl methyl cellulose 

acetate succinate, HPMCAS) (McGinity and Felton, 2008). These are applied onto drug-containing solid 

cores (tablets, capsules, pellets, granules) using different techniques that can basically be distinguished 45 

according to the amount of solvent required, preferably water, and the role it would play in the coating 

process. Large amounts of liquid to be dried are in fact involved in the deposition of gastro-resistant layers 

from polymeric solutions or suspensions (film-coating technique) (Bianchini et al., 1991; Felton et al., 1995; 

Nastuzzi et al., 2000; Siepmann et al., 2006). On the other hand, in order to avoid the use of water thus 

overcoming stability issues and drawbacks associated with the need for solvent removal, dry-coating 50 

techniques were proposed, such as conventional compaction-based processes (press-coating technique) 

(Cerea et al., 2008a; Blubaugh et al., 1958; Fukui et al., 2001a; Fukui et al., 2001b). More sophisticated 

approaches envisage the deposition onto core substrates of liquid (non-aqueous) or solid (powder blends) 

coating agents, and subsequent formation of a continuous layer by solidification/polymerization or heat-

curing (Lau and Gleason, 2007; Obara et al., 1999; Kablitz et al., 2006; Cerea et al., 2008b). Despite the 55 

improvements in terms of process time, manufacturing costs and stability of the final product, the industrial 

scale-up and availability of suitable coat-forming agents still represent major limitations to a wider diffusion 

of dry-coating techniques. 

In the case of enteric-coated products intended to release the active ingredient as soon as they are emptied 

from the stomach, a rapid disintegration/dissolution of the coating layer is expected. This is especially 60 

important when drugs having an absorption window in the upper part of the small intestine are dealt with 

(Liu and Basit, 2010). It was recently highlighted that gastro-resistant systems can take up to 2 hours for a 

complete exposure of the core to the intestinal fluids, thus potentially affecting the drug bioavailability and 

the efficacy of the therapy (McConnell et al., 2008). 

In coating processes an important role is generally played by the drug-containing core, the physical (shape, 65 

dimension, surface), technological (thermal resistance, hardness, friability, wettability, 

disintegration/dissolution tendency) and stability characteristics of which may constrain or even impair each 



of the above-mentioned techniques (Felton and McGinity, 1996; Cole et al., 2002; Felton and McGinity, 

2003; Porter and Felton, 2010). 

Based on the above-discussed premises, the possibility of preparing container-like enteric-soluble devices 70 

that could be filled and sealed after manufacturing would represent an innovative and advantageous 

alternative to the design of coated gastro-resistant dosage forms. In this respect, hollow HPMCAS or PVAP 

pipes were prepared by hot-melt extrusion, manually filled with a model drug powder and heat-sealed at their 

open ends, thus providing enteric devices that showed promising results (Mehuys et al., 2005). 

Injection molding (IM), which involves the injection of appropriately softened/melted materials into a mold 75 

wherein they are given a definite three-dimensional shape, was proven a viable technique in the preparation 

of capsular items composed of separately-manufactured parts to be matched after filling with various 

formulations (powders, granules/pellets, semi-solids or liquids) through well-established processes (Zema et 

al., 2012). The performance of such devices would depend on their composition and design features 

(morphology and thickness of the shell) only, in spite of differing characteristics of the conveyed drug and/or 80 

formulation, which could offer major benefits in terms of time and costs required for development. 

Moreover, they would be ready-to-use, i.e. easy to be filled for extemporaneous preparations. Molded 

capsular shells composed of potato starch (Capill
®
) were proposed to replace commercial gelatin or HPMC 

capsules intended for immediate release (IR) (Eith et al., 1986; Vilivalam et al., 2000). More recently, IM 

was successfully employed to prepare a capsular pulsatile delivery device based on swellable/erodible 85 

polymers (hydroxypropyl cellulose, HPC) (Gazzaniga et al., 2011a; Gazzaniga et al., 2011b; Gazzaniga et 

al., 2011c). 

In the present work, the feasibility of IM in the preparation of HPMCAS-based capsules was explored with 

the aim of developing a gastro-resistant shell to be used as an innovative delivery platform for enteric dosage 

forms. 90 

 

2 Materials and Methods 

2.1 Materials 

Hydroxypropyl methyl cellulose acetate succinate (HPMCAS, AQUOT-LG
®
; Shin-Etsu, Japan), 

polyethylene glycol (PEG 1500; Clariant Masterbatches, Italy), sodium starch glycolate (Explotab
®
 CLV; 95 

JRS, Germany) (d10 = 10 μm; d50 = 25 μm; d90 = 52 μm), polyvinyl alcohol-polyethylene glycol graft 

copolymer (Kollicoat
®
 IR; BASF, Germany) (d10 = 9 μm; d50 = 23 μm; d90 = 55 μm), dipotassium hydrogen 

phosphate anhydrous (K2HPO4; Carlo Erba, Italy) (d10 = 2 μm; d50 = 6 μm; d90 = 24 μm), sodium hydrogen 

carbonate (NaHCO3; Carlo Erba, Italy) (d10 = 15 μm; d50 = 28 μm; d90 = 63 μm), acetaminophen (Atabay, 

Turkey) (d10 = 14 μm; d50 = 29 μm; d90 = 58 μm). 100 

 

 



2.2 Methods 

2.2.1 IM process 

IM was performed by a bench-top micromolding machine (BabyPlast 6/10P, Cronoplast S.L.; Rambaldi 105 

S.r.l., Italy). 

The polymeric formulations were prepared by co-grinding HPMCAS and PEG 1500 in a blade mill; blends 

containing release modifiers were obtained by mixing in turbula (Type T2C, WAB, Switzerland) for 20 min. 

Prior to use, all materials except for PEG 1500 were kept in a ventilated oven at 40 °C for 24 h. In Table 1 

the composition (% by weight) of the molded polymeric formulations is reported. 110 

Before processing, the behavior of the polymer and polymeric formulations when subjected to heating or IM 

was evaluated as follows. 

Hot-plate experiment. 2-3 g of polymer/polymeric formulation were placed in an aluminum pan on a hot 

plate and heated under continuous manual mixing, while gradually increasing the temperature up to 200 °C. 

Samples were checked for overall aspect, color, texture and mechanical characteristics during heating and 115 

after cooling. 

Air shot test. 50 g of polymer/polymeric formulation were loaded into the IM press through the hopper and 

expelled from the injecting unit as during a purge operation (Rosato et al., 2000). The test was repeated 

under different operating temperatures. Samples were checked for overall aspect, color and mechanical 

characteristics immediately after ejection and when solidified. 120 

2.2.1.1 Manufacturing of molded items 

50 g of polymeric formulation were loaded into the plasticating chamber of the IM press through the hopper 

and then conveyed by means of a first piston to the injecting chamber. By successively applying two distinct 

pressures, each for a defined period of time and at a selected rate, another piston (10 mm diameter) injected a 

specific amount of melt (charge) through a 1 mm diameter nozzle into the mold cavity (disk or capsular 125 

shape). Prior to product ejection, the mold was kept closed by applying a closing pressure to allow the 

injected melt to cool down and harden. The rate of each process stage was expressed as % of the maximum 

value. 

Molded items were prepared by means of two different molds: i) a 30 mm diameter disk-shaped mold 

provided with a central gate, enabling the selection of differing thicknesses (200, 400, and 600 μm) and ii) a 130 

capsular mold with two cavities for the cap (8 mm height and 8 mm diameter) and the body (11 mm height 

and 8 mm diameter), respectively, each provided with a lateral gate, enabling the preparation of matching 

items within a single manufacturing cycle and the selection of differing shell thicknesses (300, 600, and 900 

μm) (Gazzaniga et al., 2011b). The operating conditions were varied within different ranges of values 

according to whether disks or capsules were employed (Table 2). Molds were manually lubricated with 135 

peanut oil approximately every 15–20 units manufactured. The first unit obtained after this operation was 

discarded. 
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2.2.2 Characterization of molded items 

Molded items, i.e. disks and assembled capsule shells, were checked for weight (analytical balance BP211, 

Sartorius, Germany; n= 10) and thickness (digimatic indicator ID-C112X, Mitutoyo, Japan; n=10). Digital 

photographs (Nikon D70, Nikon, Japan) of molded items were acquired, and photomicrographs were taken 

by scanning electron microscope (SEM; Sigma, Zeiss, Germany) after gold sputtering (10 nm). The 145 

characterization was performed immediately after ejection, except for photomicrographs, and after 24 hours 

storage at ambient conditions (24 ± 2°C/55 ± 5 % RH). Photomicrographs of a few molded disks were also 

collected after incubation in unstirred pH 6.8 phosphate buffer at room temperature for 120 min and drying 

in a ventilated oven at 40 °C for 24 h. 

2.2.2.1 Evaluation of gastric resistance performance 150 

Disks. Immediately after ejection disks were positioned on manually-assembled cells modified from the 

extraction cells used in the dissolution test for transdermal patches (Ph. Eur. 7) (Figure 1). The reservoir 

compartment was loaded with an amount of a powder tracer (acetaminophen) ranging from 43 to 48 mg. The 

surface exposed to the acceptor fluid was 177 mm
2
. The test (n = 3) was performed in pharmacopoeial 

apparatus 2 (Dissolution System 2100B, Distek, New Jersey) at 100 rpm under the conditions of the 155 

Dissolution test for delayed-release dosage forms (Method B, USP 34) except for the medium volume (600 

mL). Fluid samples were withdrawn at fixed time points and assayed spectrophotometrically at 254 nm 

(spectrophotometer lambda25, Perkin Elmer, Massachusetts). 

Capsular devices. Each capsule body was manually filled with an amount of a powder tracer 

(acetaminophen) ranging from 86 to 92 mg and closed with a matching cap. The gastric resistance 160 

performance (n = 3) was evaluated in pharmacopoeial apparatus 2 (Dissolution System 2100B, Distek, New 

Jersey) at 100 rpm under the conditions of the Dissolution test for delayed-release dosage forms (Method B, 

USP 34). Fluid samples were withdrawn and assayed as above reported. Lag time (t10%), i.e. the time to 10 % 

release in pH 6.8 phosphate buffer, was calculated from the release curves (n=3) and reported as a detail in 

the figures together with the relevant coefficient of variation (CV). 165 

 

3. Results and discussion 

With the aim of developing a new injection-molded capsule-like container for enteric release, the relevant 

design and formulation features needed to preliminarily be assessed. The latter were indeed expected to 

fulfill a number of different requirements, such as the suitability for the oral route, versatility in terms of 170 

contents and possibility of filling through established industrial encapsulation processes. At the same time, 

the desired gastric resistance performance followed by a rapid disintegration/dissolution at intestinal pH 

values had to be ensured and merely depend upon the container device irrespective of the conveyed 

formulation. Furthermore, the IM process should have been feasible and yield molded items with appropriate 

aspect, technological properties and physical/mechanical stability. As in the micromolding (µIM) technique, 175 



which is currently applied to the production of medical devices and miniaturized electronic parts, a specially-

devised press had to be employed, and the manufacturing was expected to be particularly critical in view of 

the need for meeting strictly-controlled geometric as well as functional characteristics and maintain them 

over the shelf-life of the final formulation (Hoyle, 2010; Gomes et al., 2011; Zhang et al., 2012; Heckele and 

Schomburg, 2004; Giboz et al., 2007; Koç and Özel, 2011). Besides, a strong impact of the operating 180 

pressure and thermal history of the material on the dimensional stability of the molded item had to be taken 

into account. 

HPMCAS was chosen as the barrier-forming polymer because of its wide application as an enteric coating 

material and thermoplastic properties that were already exploited for hot-melt extrusion (HME) (Mehuys et 

al., 2005). Preliminarily, its softening/melting behavior following heating on hot plate or injection processing 185 

(air shot test) and its characteristics after solidification were evaluated, indicating the need for the addition of 

a plasticizer in order to counteract the glassy nature of the molded material. Among various plasticizers 

tested (triethyl citrate; dibuthyl sebacate; PEG 400, 1500, 6000 and 20000), PEG 1500 was selected based on 

the homogeneous aspect of the softened/molten raw materials and the improved mechanical characteristics of 

the solidified composite. Moreover, HPMCAS blends with PEG 1500 turned out to be the most easily 190 

porcessed by the IM press in use. The influence of the plasticizer on the processability of the polymeric 

formulation and the characteristics of the product was investigated in the 15-35 % (with respect to the 

amount of polymer) range by means of two differing molds, i.e. a disk- and a capsule-shaped one, each 

allowing the nominal thickness of molded items to be varied within a relatively wide range (600, 400 and 

200 µm or 900, 600 and 300 µm, respectively). The former allows the production of centrally-gated circular 195 

disks (diameter 30 mm) especially suitable for the evaluation of dimensional changes. With respect to the 

capsule-shaped mold, though offering several advantages (i.e. production of capsule cap and body within the 

same cycle, possibility of varying the shell thickness), some limitations in the characteristics of the resulting 

items could be expected in view of the lateral position of the gate and presence of a mobile insert 

determining the width of the cavity (Gazzaniga et al., 2011b). 200 

The amount of 15 % of plasticizer turned out to be insufficient, not only on account of the poor flexibility 

shown by the molded items, but also because only 600 µm thick disks could be obtained and no capsular 

shells at all. Increasing the PEG 1500 content to 25 % was already enough to easily manufacture disks up to 

200 µm thickness and complete capsular shells of 900 µm. Only with the highest amount of plasticizer 

tested, 600 µm capsules could be prepared. 205 

When thermoplastics are processed by IM, the dimensions of the molded part change as the part cools. 

Often, these changes are referred to as either shrinkage or warpage and can be used to predict the appropriate 

mold geometry (Fisher, 2003). Although shrinkage is based on thermal contraction, other mechanisms may 

be responsible for dimensional changes after demolding (e.g. inherent stresses, crystallization, mechanical 

constraint). For example, if residual stresses created by variations in the cooling rate are strong enough to 210 

overcome the relevant structural integrity, the part will warp upon ejection from the mold. The control of 

shrinkage is particularly important in applications requiring tight tolerances. The wall thickness was shown 



to have a major influence on shrinkage that generally turns out increased for thicker parts, because of the 

variation in a series of parameters such as the holding pressure or the cooling and crystallization rates. In 

table 3, differences between the thickness of disks and the width of the relevant mold cavity (600 µm) are 215 

reported along with digital photographs of the molded items immediately after ejection (t = 0) and over time 

(t = 3 and 24 h). 

Molded HPMCAS disks were proven to increase in thickness immediately after demolding, and no 

significant influence (p < 0.1) of the amount of plasticizer on this parameter was found. On the contrary, a 

warp tendency of molded disks was noticed that could be related to the amount of plasticizer in the 220 

formulation. In fact, only for the items containing 15 % of PEG 1500, bending was neither observed 

following demolding nor after storage. This allowed thickness measurements to be performed also 24 h after 

manufacturing. 

As far as the gastric resistance of PEG25 and PEG35 formulations is concerned, the relevant capsular 

devices, irrespective of the shell thickness, remained intact in acidic fluid (pH = 1.2) but they were unable to 225 

release their contents within 2 h in phosphate buffer pH 6.8. 

These results pointed out some critical issues with respect to the goal of developing a delivery platform for 

enteric dosage forms based on HPMCAS capsules. In particular, the shrinkage/warpage tendency of the 

polymeric formulation and the need to shorten the opening time of the device had both to be taken into 

account. In the plastics industry, the set-up of the melt composition, design of the final mold and adjustment 230 

of the operating conditions would have concomitantly be performed (Figure 2). However, because of the 

inherent complexity of this approach, a formulation study was undertaken at this stage, and molded 

prototypes were used as screening tools for assessing the effectiveness of the gastric resistance performance. 

In order to enhance the dissolution/disintegration rate of the capsular device at intestinal pH values, i) release 

modifiers, the channelling action of which could be attributed to the inherent solubility or swelling 235 

properties, and ii) buffering salts (dipotassium hydrogen phosphate and sodium hydrogen carbonate), 

potentially suitable for increasing the microenvironmental pH of the surrounding fluids, were considered. 

The addition of soluble pore formers or disintegrants (e.g. polyvinylpyrrolidone and croscarmellose sodium, 

respectively) to film-coating suspensions of pH-responsive polymers was already suggested with the aim of 

improving the pulsatile release of drugs to the ileo-colonic region (Zhang et al., 2007; Schellekens et al., 240 

2008). Moreover, a double-coated enteric system consisting of an inner layer of Eudragit
®
 L or S neutralized 

with organic acids and an outer conventional coating of the same polymer was recently proposed (Liu et al., 

2009; Liu and Basit, 2010; Liu et al., 2010). Such a device was subject to a fast and consistent disintegration 

after stomach emptying (around 30 min in vivo disintegration time). 

The types and/or amounts of adjuvants were selected by preliminary heating and/or molding tests. In this 245 

respect, browning phenomena occurred at operating temperatures on polymeric samples containing either the 

phosphate or carbonate salt, thus pointing out possible stability issues for molded items. A polyvinyl alcohol-

polyethylene glycol graft copolymer (Kollicoat
®
 IR), generally employed as the film-forming polymer for 

immediate-release coated dosage forms or as a binder in fast-dissolving tablets, was selected as the soluble 



pore former. Although characterized by a glassy-rubbery transition temperature (Tg) around 200 °C, when 250 

Kollicoat
®
 IR was worked in admixture with plasticized HPMCAS, a homogeneous molded material was 

obtained already at the lowest operating temperatures. Among the disintegrants tested (starch and cellulose 

derivatives), sodium starch glycolate (Explotab
®
 CLV) was shown to exert no negative impact on the 

processability of the polymeric substrate and rather improve the dimensional stability of molded items as 

expected from solid fillers (Zweifel et al., 2009). As far as the polymer/plasticizer ratio in the polymeric 255 

formulations with the release modifiers is concerned, 25 % of PEG 1500 with respect to the amount of 

HPMCAS was preferred because of the acceptable balance between processability of the polymeric substrate 

and dimensional changes of the product that was previously obtained. 

Disks of 200,400 and 600 µm containing 30 % by weight of either the soluble pore former or the disintegrant 

selected were obtained, whereas in no case intact and complete capsular shells with thickness other than 900 260 

µm were produced. The manufacturing of 200 µm disks with the KIR formulation was especially critical, 

thus providing brittle and often damaged items that could not withstand characterization. SEM 

photomicrographs helped highlight the surface and structure characteristics of molded items containing 

Kollicoat
®
 IR or Explotab

®
 CLV as compared with HPMCAS ones (Figure 3). In particular, solid particles 

distributed throughout the cross-section of the disintegrant-containing item are clearly evident. 265 

In Figure 4 the release profiles of capsular devices containing a powder tracer and the relevant t10% values in 

pH 6.8 buffer are reported. 

Both the Kollicoat
®
 IR- and Explotab

®
 CLV-based capsular systems were demonstrated able to withstand the 

acidic medium (pH 1.2) for two hours, confirming that the release modifiers were efficiently embedded in 

the molded polymeric matrix. In pH 6.8 buffer a lag time of about 1,5 h prior to the break-up of capsular 270 

devices and release of the conveyed powder was observed, which was slighlty shorter for the disintegrant-

containing shell. Indeed, a minor diffusive release phase was shown by the capsular system with the soluble 

pore former. In order to evaluate the influence of the polymeric barrier thickness, the molded disks made of 

HPMCAS blends with Kollicoat
®
 IR and Explotab

®
 CLV were used. For this purpose, a testing method 

analogous to the compendial dissolution test for transdermal patches was set up. The amount of tracer 275 

assayed in the acceptor fluid, which was separated from the donor powder reservoir by molded disks of 

differing thicknesses (Figure 1), was plotted versus time (Figure 5). As in the release profiles of capsules, a 

lag time prior to the rupture of the polymeric barrier was observed. Only in the case of the EXP formulation, 

t10% values showed a tendency to decrease when reducing the thickness of disks to 200 µm. Indeed, a small 

amount of tracer was recovered in the acidic medium when one of the 200 µm disks was tested thus pointing 280 

out the possible existence of a thickness threshold for gastric resistance failure. The polymeric barrier 

containing Kollicoat
®
 IR confirmed a less prompt break-up, with an initial diffusive release phase. Moreover, 

in the case of 400 µm disks, t10% values obtained from the disintegrant-containing formulation were 

significantly (p < 0.1) lower as compared with those relevant to the KIR one, thus indicating that a more 

efficient mechanism would promote the polymer disintegration/dissolution in pH 6.8 buffer. The overall 285 

results obtained from capsular devices and disks containing pore formers indicated that the erosion of the 



HPMCAS matrix would in any case be triggered by the pH change, as this allows the medium to reach the 

adjuvants incorporated. Afterwards, the soluble polymer Kollicoat
®
 IR may aid the solvent penetration only, 

while the disintegrant could also promote the formation of cracks in the polymeric barrier thereby reducing 

its resistance to rupture (Schellekens et al., 2008). The latter hypothesis was confirmed by photomicrographs 290 

of partially eroded molded items (i.e. disks exposed to pH 6.8 buffer for 120 minutes and dried before being 

analysed) (Figure 6). In fact, the disintegrant particles embedded in the polymeric matrix seem to be located 

within hollows that are larger than the dried particle itself and show tears on their edges. Such hollows and 

relevant tears may have formed because of the swelling of Explotab
®
 CLV upon exposure to the aqueous 

fluid. 295 

According to the above discussed mechanisms, the ability of the soluble pore former to increase the extent of 

solvent penetration could improve the efficiency of the disintegrant. In this respect, confirmatory results 

were preliminarily obtained comparing the performance of 900 µm thick capsular shells containing blends of 

Kollicoat
®
 IR and Explotab

®
 CLV (10 % and 20 %, respectively, and vice versa) (Figure 7) with that of 

shells based on a single component (Kollicoat
®
 IR or Explotab

®
 CLV). Indeed, devices prepared from the 300 

2EXP1KIR formulation in which 10 % of the disintegrant was replaced with the soluble polymer showed the 

shortest lag time. On the contrary, only 10 % of disintegrant in the shell composition seemed not enough to 

establish the cracking mechanism. 

In order to undertake the development of gastric resistant container-like devices, the impact of the shell 

thickness on the release performance needed to be more in depth investigated. Therefore, some attempts 305 

were made at improving the IM processability of adjuvant-containing HPMCAS formulations. As expected, 

by adjusting the polymer to plasticizer ratio (increasing the amount of PEG 1500 to 35 % on dry polymer), 

600 µm capsular shells were manufactured containing 30 % of Explotab
®
 CLV. The relevant devices showed 

adequate gastric resistance in the acidic medium and a lag phase of less than 1 h in pH 6.8 buffer (Figure 8). 

Thus, the possibility of obtaining an earlier break-up of enteric capsule-like devices by decreasing the shell 310 

thickness was confirmed, and this could represent the proper approach to the achievement of the desired 

release behavior.  

 

4. Conclusions 

The use of capsular containers suitable for conveying different types of drug formulations and determining 315 

the relevant release performance was recently proposed; for the manufacturing of such devices, IM technique 

was exploited because of the advantages it would offer in terms of versatility (dimensions, composition and 

shape or shape details), scalability and patentability of the relevant products. In this work, the development 

of enteric soluble capsules based on HPMCAS was approached. The feasibility of the manufacturing process 

with a polymeric formulation containing a plasticizer and a release modifier or mixtures of different types of 320 

release modifiers (a soluble pore former and a disintegrant, i.e. Kollicoat
®
 IR and Explotab

®
 CLV, 

respectively) was assessed. This basic composition showed promising results with respect to a possible fine 

tuning of the thickness and mechanical characteristics of the capsule shell, thus allowing the gastric 



resistance performance to be defined. Accordingly, the development process would be worth being pursued 

by finalizing the formulation parameters, designing a dedicated mold and setting up suitable operating 325 

conditions. 
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Table 1 Composition (% by weight) of molded formulations 

 Polymer Plasticizer Release modifier 

Code HPMCAS PEG 1500 Explotab
®
CLV Kollicoat

®
IR 

PEG15 87 13 - - 

PEG25 80 20 - - 

PEG35 74 26 - - 

EXP 60 15 25 - 

EXPPEG35 55 20 25 - 

KIR 60 15 - 25 

1EXP2KIR 60 15 8.5 16.5 

2EXP1KIR 60 15 16.5 8.5 

 

Table 1



Table 2 IM operating conditions 

 Disk Capsule 

 

 
 

Plasticating chamber temperature (°C) 120-160 140-165 

Injecting temperature (°C) 130-170 143-168 

Nozzle temperature (°C) 140-180 145-170 

Charge (mm) 4.5-11 6-20 

First-injection pressure (bar) 20-90 60-110 

First-injection time (sec) 0.8 0.8-20 

First-injection rate (%) 40-90 5-85 

Second-injection pressure (bar) 15-70 35-65 

Second-injection time (sec) 0.3 0.3-10 

Second-injection rate (%) 30-70 40-75 

Cooling temperature (°C) 15 15-25 

Cooling pressure (bar) 60 60-90 

Cooling time (sec) 2.5 10 

Opening rate (%) 20-40 40 

 

Table 2



Table 3 Changes in thickness and aspect of 600 µm disks over 24 h from manufacturing 

Code 

Δ thickness 
µm (CV) 

Pictures 

t = 0 t = 24 h t = 0 t = 3 h t = 24 h 

PEG 15 43 (7) 47 (8) 

   

PEG 25 55 (23) n.d. 

   

PEG 35 35 (21) n.d. 

   
n.d. = not determined because of disk deformation 

Table 3



Figure 1 Outline of the system for the evaluation of disk gastric resistance. 

 

Figure 2 Interrelated steps involved in the development of the molded device. 

 

Figure 3 Photomicrographs of the surface (a, b and c) and cross-section (at, bt and ct) of molded HPMCAS-

based 400µm disks, as such (a and at) or containing 30 % by weight of a release modifier (Kollicoat
®
 IR: b and bt 

or Explotab
®
 CLV: c and ct). 

 

Figure 4 Release profiles of 900 µm thick enteric capsular devices containing 30% by weight of a release 

modifier (top: Kollicoat
®
 IR, bottom: Explotab

®
 CLV); mean t10% (min) in pH 6.8 buffer and relevant CV 

highlighted in tables. 

 

Figure 5 Amount (%) of tracer in the acceptor fluid separated from the donor compartment by molded 

HPMCAS disks of differing thicknesses (600, 400 and 200 µm for a, b and c, respectively) containing 30% by 

weight of a release modifier (Kollicoat
®
 IR on the left and Explotab

®
 CLV on the right) vs time profiles; mean 

t10% (min) in pH 6.8 buffer and relevant CV highlighted in tables. 

 

Figure 6 Photomicrographs at different magnification (110, 400, 800, 2000 X for a, b, c, and c’, respectively) of 

the surface of HPMCAS-based 400µm disks containing 30 % of Explotab
®
 CLV after exposure to pH 6.8 buffer; 

c’ is a detail from photomicrograph c. 

 

Figure 7 Release profiles of 900 µm thick enteric capsular devices containing 30% by weight of a mixture of 

release modifiers (top: 10% Explotab
®
 CLV and 20 % Kollicoat

®
 IR, bottom: 20% Explotab

®
 CLV and 10 % 

Kollicoat
®
 IR); mean t10% (min) in pH 6.8 buffer and relevant CV highlighted in tables. 

 

Figure 8 Release profiles of 600 µm thick enteric capsular devices containing 30% by weight of Explotab
®
 

CLV; mean t10% (min) in pH 6.8 buffer and relevant CV highlighted in tables. 
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