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 2 
Abstract 30 

Over the past decades, increasing interests took place in the realm of drug delivery systems. 31 

Beyond treating intestinal diseases such as inflammatory bowel disease, colon targeting can 32 

provide possible applications for oral administration of proteins as well as vaccines due to the 33 

lower enzymatic activity in the distal part of GIT. To date, many strategies are employed to 34 

reach the colon. This article encompasses different biomaterials tested as film coatings and 35 

highlights appropriate formulations for colonic drug delivery. A comparison of different films 36 

was made to display the most interesting drug release profiles. These films contained 37 

ethylcellulose, as a thermoplastic polymer, blended with an aqueous shellac ammonium salt 38 

solution. Different blend ratios were selected as well for thin films as for coated mini-tablets, 39 

mainly varying as follows: (80:20); (75:25); (60:40). The impact of blend ratio and coating 40 

level was examined as well as the addition of natural polysaccharide “inulin” to target the colon. 41 

In vitro drug release was measured in 0.1 M HCl for 2 h followed by phosphate buffer saline 42 

pH 6.8 to simulate gastric and intestinal fluids, respectively. Coated mini-tablets were exposed 43 

to fresh fecal samples of humans in order to simulate roughly colonic content. Several 44 

formulations were able to fully protect theophylline as a model drug up to 8 h in the upper GIT, 45 

but allowing for prolonged release kinetics in the colon. These very interesting colonic release 46 

profiles were related to the amount of the natural polysaccharide added into the system. 47 

 48 

 49 
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Introduction  71 
 72 
Colon-targeted delivery is a suitable alternative approach for the oral administration of drugs 73 

that may be degraded or cause side-effects in the upper gastrointestinal tract (e.g. irritations or 74 

premature release and drug absorption into blood stream) [1–4]. For instance, protein- and 75 

peptide-based drugs, which are formulated in colon-targeted delivery systems, may be protected 76 

from hydrolysis due to the low activity of proteolytic enzymes in the distal part of the GIT 77 

(colon) [5, 6]. With 10 million people affected worldwide, inflammatory bowel diseases (IBD), 78 

including Crohn’s disease (CD) and Ulcerative Colitis (UC), are a concrete example of the 79 

limits encountered with conventional dosage forms. IBD are known to show moderate to severe 80 

symptoms, and only benefit from symptomatic oral or parenteral treatments. UC and CD share 81 

many clinical features, both are characterized by relapsing-remitting cycles of mucosal 82 

inflammation [7]. To date, there is no cure for IBD. Only therapeutic strategies aimed at 83 

maintaining remission episodes can be commonly used. Glucocorticoids are commonly 84 

prescribed for acute exacerbations of UC and CD, but their frequently use can lead to serious 85 

systemic side-effects, which often cause a non-acceptance of the treatment. Other therapies, 86 

including oral aminosalicylates (5-ASA), antibiotics (metronidazole) and parenteral 87 

immunosuppressive agents (azathioprine) can temporarily maintain remission for certain types 88 

of IBD. According to the literature, the effect of 5-ASA as a standard treatment in Crohn’s 89 

disease is controversial and may lead commonly to the failure of the treatment [8]. 90 

Unfortunately, 70 % of IBD patients will require at least one surgical intervention in their 91 

lifetime [9]. However, conventional dosage forms may also cause certain adverse effects once 92 

they have been distributed throughout the body. Thus, prolonged local drug delivery would be 93 

the appropriate tool to increase the treatment efficacy and decrease serious systemic side effects. 94 

Oral dosage forms must be completely protected in the upper part of the GIT, and thus drug 95 

release must begin in the distal part of the GIT (most inflamed area) in IBD patients [10]. It 96 

should be emphasized that oral route is considered as the preferred route of administration due 97 

to its well-established acceptability, cost-effectiveness, manufacturing advantages and drug 98 

stability. In addition, these dosage forms offer advantages such as better compliance, greater 99 
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convenience, reduced risk of both cross-infections and needle stick injuries [11]. Because of 100 

these advantages, oral administered systems continue to dominate the majority of the market. 101 

Indeed, around 40 % of therapies available in pharmacies are formulated into oral solid dosage 102 

forms, such as tablets, capsules or granules. The main current strategies are based on *) the 103 

integration of prodrugs into formulations, **) pH-sensitive drug delivery, ***) time-dependent 104 

systems and ****) microbiota sensitive systems. Given that the transit time of IBD patients is 105 

affected (often accelerated), time-dependent delivery as a single approach is not appropriate 106 

and could lead to the failure of the treatment. The pH-responsive colonic delivery approach has 107 

been adopted clinically, with several products established on the market, and others introduced 108 

for the treatment of IBD (e.g. Asacol®, Salofalk®, Lialda® containing mesalamine and 109 

Budenofalk® containing budesonide). For colon targeting, the microbiota-sensitive approach 110 

exploits the fact that there are around one hundred billion CFU (Colony Forming Unit)/mL of 111 

bacteria in the colon, and with hundreds of different species. The colonic microbiota is known 112 

to have a metabolic potential equal to or greater than that of the liver, which can be exploited 113 

to deliver drug in the distal part of GIT. Importantly, many complex carbohydrates are 114 

selectively degraded and fermented by the microbiota located in the colon. 115 

Because of many intra- and inter-individual variations in pH levels along the GIT, the bacteria-116 

sensitive strategy become increasingly very attractive for colon targeting. Moreover, due to the 117 

inflammation, the mucosa becomes more acidic in IBD patients than in healthy subjects.  118 

The pH drops to 6.4 (+/- 0.6) in the right colon and to 7.0 (+/- 0.7) in the left colon in healthy 119 

subjects [12]. Colonic pH is characterized by values fluctuating mainly between pH 5 and pH 120 

8, with the mean pH value of 6.5±0.3 [13]. Nugent et al. reported that the right colonic luminal 121 

pH can be as low as 4.7 by patients in both active and inactive ulcerative colitis [14]. It was 122 

also found that by patients suffering from Crohn’s disease a low colonic luminal pH, which was 123 

similar to that reported by patients suffering from active ulcerative colitis [15]. 124 

However, these impacts in pH fluctuations are not systematic. Consequently, the use of pH-125 

sensitive polymers alone would have limitations in these conditions. The aim of this study is to 126 

determine a reliable system capable to prevent premature drug release in the upper GIT, but 127 
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also able to deliver drug in time-controlled manner at the site of action, in both diseased and 128 

healthy subjects. Importantly, this system would have the features of a dual-stimuli-triggered 129 

form, which is sensitive to both pH and colonic microbiota. In vitro drug release was measured 130 

under conditions simulating the contents of the upper GIT (0.1 M HCl and phosphate buffer pH 131 

6.8) and the colon (fresh fecal samples from IBD patients) to simulate pathophysiological 132 

conditions. Ethylcellulose (EC) was chosen as a thermoplastic polymer associated with 133 

ammonium-based aqueous shellac solution (Swanlac® ASL10) in film coatings for mini-tablets. 134 

Shellac is known for its good film-forming properties and is recognized as safe by the Food and 135 

Drug Administration (FDA) [16]. It is often used as an enteric coating material for oral dosage 136 

forms, and its use in sustained-release, colon-targeting formulations has been also reported [17]. 137 

Interestingly, only low coating levels (= CL) are required to ensure negligible drug release in 138 

the upper part of the GIT. However, dosage forms based on aqueous ammonium-based shellac 139 

solution (Swanlac® ASL10) show better mechanical properties than alcoholic-based shellac 140 

solution. In addition, shellac (water insoluble under pH 7.0) is described in the US 141 

Pharmacopeia (USP) and the European Pharmacopeia (Ph. Eur.) as a natural resinous oligomer 142 

(Mw ≈ 1000 Da) secreted by the insect Kerria lacca (a parasite of certain trees particularly 143 

found in India, Burma, Thailand, and southern China) [18–22]. This is an important feature of 144 

nature to protect insects and their larvae from tropical rains.  145 

This natural compound is an anionic polymer composed of aleuritic acid and cyclic terpene 146 

acids, which constitute the hydrophobic and hydrophilic parts respectively and linked by ester 147 

bonds (Figure 1) [23, 24].  148 

Shellac, called LAC after refining, becomes a water-soluble salt after dissolution in alkaline 149 

water via an acid-base neutralization reaction. The carboxyl groups of shellac, when dissolved 150 

in ammonia water, react with the ammonia to form a water-soluble ammonium shellac salt 151 

solution. As ammonia is not a very strong base, an excess of ammonia is required in the solution. 152 

The ions are solvated and, as they dry, solvation is lost, forming a dense contact between the 153 

ions.   154 
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However, the use of aqueous shellac ammonium salts and EC provides an overall 155 

hydrophobic system, which allows for controlled and prolonged release. Colonic drug delivery 156 

will be optimized in this work by the addition of polysaccharides, which are degraded by the 157 

microbiota in the colon. 158 

Herein, the use of ammonium-based shellac solution (Swanlac® ASL10) ensured product 159 

stability for at least a year, and offered a number of perspectives such as weak viscosity, ready 160 

and easy use for aqueous coating systems. This ammoniated shellac solution has already 161 

demonstrated its enteric coating release capacities on theophylline tablets, and provided 162 

aesthetically attractive, robust and  stable coatings [25]. To prepare an aqueous solution, an 163 

acid-base neutralization reaction is required, in which shellac becomes a shellac salt [26]. 164 

Different alkalis result different shellac salts with different film properties. Aqueous shellac 165 

ammonium salt solutions are prepared commercially with ammonium hydrogen carbonate or 166 

ammonium hydroxide. The ammonium chloride is released, and then carboxylic acid moieties 167 

generate dimers by hydrogen bonding interactions, which contribute further to stable and 168 

rugged film coating.  169 

 170 

Materials and Methods 171 

Materials 172 

Mini-tablets cores containing theophylline: Microcrystalline cellulose (Avicel PH 102, FMC 173 

Biopolymer); magnesium stearate (Merck, Saint-Quentin-Fallavier, France); theophylline 174 

anhydrous powder (BASF, Ludwigshafen, Germany). 175 

Mini-tablets cores without theophylline: Placebo mini-tablets (Chemische Fabrik Budenheim, 176 

Germany). 177 

Film and tablet coatings: Ethylcellulose dispersion (Aquacoat ECD 30, DuPont Nutrition, 178 

Wilmington, DE, USA); triethyl citrate (TEC, Alfa Aesar, Karlsruhe, Germany); maltodextrin 179 

(Glucidex Maltodextrin 19, Roquette, Lestrem, France); aqueous shellac ammonium salt 180 

solution (Swanlac® ASL 10, A.F. Suter, Witham, United-Kingdom); Inulin (Orafti® HP, Beneo, 181 

Mannheim, Germany); dicalcium phosphate (dicalcium phosphate anhydrous, Rhône-Poulenc, 182 



 8 
Antony, France). 183 

Simulated gastric and intestinal fluids: Hydrochloric acid pH 1.2 (0.1 M HCl); phosphate buffer 184 

pH 6.8 (PBS 6.8). 185 

Simulated colonic fluid: Culture medium inoculated with fresh fecal samples from patients. 186 

Culture medium: Extracts from beef and tryptone (Pancreatic digest of casein, Becton 187 

Dickinson, Sparks, USA); yeast extract (Oxoid, Hants, UK); sodium chloride (J. T. Baker, 188 

Deventer, Netherlands); L-cysteine hydrochloride hydrate (Acros Organics, Geel, Belgium); 189 

Ringer solution (Merck, Darmstadt, Germany). 190 

HPLC-UV analysis:  191 

Mobile phase: Acetonitrile (VWR, Fontenay-sous-Bois, France); phosphate buffer pH 6.8 (PBS 192 

6.8).  193 

Column: C18 column (Gemini® 5 µm C18 110 Å, 100 mm x 4.6 mm; Phenomenex, Le Pecq, 194 

France). 195 

 196 

Preparation of polymeric films 197 

Polymeric films were prepared by mixing ethylcellulose with aqueous shellac ammonium salt 198 

solution (with or without maltodextrin) at different blend ratios: (90:10); (80:20); (70:30); 199 

(60:40) respectively. The blend ratios expressed the proportion of dry mass of ethylcellulose 200 

compared to the dry mass of the second fraction (shellac with or without maltodextrin). 201 

Ethylcellulose was first plasticized with 25 % TEC (referring to the dry mass of ethylcellulose) 202 

for 24 h with a magnetic stirrer. Then, aqueous shellac ammonium salt solution (with or without 203 

maltodextrin) was added for 3 h to get a homogeneous dispersion. 1 % of theophylline 204 

anhydrous powder (w/w, referring to the total dry mass of the film) was added to the dispersion 205 

and mixed for 2 h. Please note that the drug was dissolved molecularly into the dispersion 206 

(solubility in H2O: 7.360 g/L at 25 °C [27]). Films containing dicalcium phosphate were made 207 

by adding 10 % of the mineral (w/w, referring to dry shellac mass). After mixing, the films 208 

were poured into teflon molds and dried in an oven at 60 °C for 24 h. They were cut into pieces 209 

and their thicknesses were measured using a thickness gauge (MiniTest 600, ElektroPhysik, 210 
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Köln, Germany). The mean thickness of films was 350 µm. Samples were measured in 211 

triplicate. 212 

 213 

Preparation of non-coated and coated mini-tablets 214 

 215 

Non-coated mini-tablets were prepared as follows: microcrystalline cellulose was mixed with 216 

10 % theophylline anhydrous for 10 minutes, then lubricated with 1 % magnesium stearate for 217 

further 5 minutes using a 3D powder blender mixer at 20 rpm (Turbula T2C, Willy A. Bachofen, 218 

Basel, Switzerland). The powder was then compressed into mini-tablets using an automatic 219 

single-punch tablet machine (Korsch, EKO/DMS, Berlin; Germany). These mini-tablets were 220 

mixed with placebo mini-tablets with the same dimensions from Chemische Fabrik 221 

(BudenHeim, Germany) to get the appropriate batch mass for coating process (400 g). Tablets 222 

diameter was 5 mm. 223 

Afterwards, the batch was coated using a drum coater module (Solidlab 1 Hüttlin, Syntegon 224 

Technology, Waiblingen, Germany) with a 0.5 mm nozzle. Mini-tablets coating was carried out 225 

using following parameters: 4 g/min spray rate, 60 °C inlet air temperature, 40 °C outlet air 226 

temperature, 1 bar atomizing air pressure, 0.5 bar shaping air pressure, rotation speed was set 227 

at 25 rpm (rotations per minute).  228 

The sprayed dispersion was a blend of ethylcellulose and aqueous shellac ammonium salt 229 

solution, with and without the addition of 5 % and 10 % inulin. Blend ratios were varied as 230 

follows: 80:20; 75:25; 60:40.  Different coating levels were used, ranging from 10 % to 35 %, 231 

depending on the blend ratio. Coated mini-tablets with various polymer:polymer ratios at 232 

different coating levels were cured in an oven at 60 °C for 24 h, which has been shown in 233 

previous studies to be enough for polymeric coalescence and complete film formation of 234 

systems based on ethylcellulose. Please note that coating levels represent the weight gain after 235 

coating, calculated with the initial tablet’s weight.  236 

 237 

Control of quality of non-coated mini-tablets 238 
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 239 

The quality control of mini-tablets before their coating was carried out according to Ph. Eur. 240 

11.1 (section 2.9: “Pharmaceutical technical procedures”). The criteria controlled were as 241 

follows: uniformity of tablet mass, uniformity of drug content, hardness, friability, 242 

disintegration of tablet, in vitro dissolution test, tablet height and diameter.  243 

The mean mass of 20 mini-tablets should not exceed a 10 % standard deviation value.  The drug 244 

content was determined UV-spectrophotometrically (UV-1650 PC; Shimadzu, Champs-sur-245 

Marne, France) at a wavelength of 275 nm. The mean drug content should be in the range of 85 246 

to 115 %. 247 

The friability of the mini-tablets was determined gravimetrically, and should be less than 1 %. 248 

Theophylline release from the mini-tablets was measured using the USP 32 dissolution 249 

apparatus (paddle method, 80 rpm, 37 °C) in 300 mL phosphate buffer pH 6.8 (USP 32) (Sotax; 250 

Basel, Switzerland). At predetermined time points, 3 mL samples were withdrawn and analyzed 251 

spectrophotometrically (UV-1650 PC; Shimadzu, Champs-sur-Marne, France) for their drug 252 

content (λ=275 nm). All experiments were conducted in sextuplicate. 253 

 254 

Optical microscopy 255 

 256 

Macroscopic pictures of coated mini-tablets were taken with a trinocular stereomicroscope 257 

(Optika microscopes, Italy). Pictures were taken at t=0 h, t=8 h and t=24 h after incubation of 258 

mini-tablets into simulated gastrointestinal (gastric, intestinal and colonic) fluids.  259 

 260 

In-vitro drug release from polymeric films and coated mini-tablets 261 

Upon exposure to simulated gastric and intestinal fluids:  262 

Polymeric films were incubated in flasks (1 sample per flask) containing 100 mL 0.1 M HCl 263 

and stirred at 80 rotations per minute (using a horizontal shaker, at 37 °C, GFL 3033, 264 

Gesellschaft Für Labortechnik, Burgwedel, Germany). After 2 h, the medium was completely 265 

replaced with phosphate buffer pH 6.8 to simulate intestinal fluids.  266 
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Coated mini-tablets were incubated under the same conditions as free films (2 h in 0.1 M 267 

HCl pH 1.2 followed by 6 h in PBS pH 6.8) using a USP III dissolution apparatus (Bio-Dis, 268 

Varian, Paris, France) at 20 dips per minute “dpm” and 37 °C. 20 dips per minute are considered 269 

as harsh conditions in this work [28]. 270 

At pre-determined times, 3 mL samples were withdrawn and measured using UV-271 

spectrophotometry (UV-1650 PC; Shimadzu, Champs-sur-Marne, France) at λ = 275 nm for 272 

theophylline concentration. The range of concentrations of the calibration curve was [1-10 273 

mg/L] and r2 was 0.99998 and 0.9997 for HCl and PBS, respectively. 274 

 275 

Upon exposure to simulated colonic fluid: 276 

After incubation in simulated gastric and intestinal fluids, mini-tablets were transferred into 277 

100 mL flasks containing: (1) 100 mL culture medium inoculated with fresh human feces 278 

(obtained from IBD patients giving written informal consent), and (2) culture medium without 279 

feces for reasons of comparison. Mini-tablets were incubated in triplicates for each aspect tested 280 

(ratio or coating level). The samples were gently agitated (50 rpm; Stuart, Cole-Parmer; 281 

Villepinte, France) at 37 °C in anaerobic atmosphere (AnaeroGen 2.5 L; Thermo Scientific; 282 

Illkirch, France). Culture medium was prepared as follows, according to previous publications 283 

[28–31]: 1.5 g beef extract, 3 g yeast extract, 5 g tryptone, 2.5 g NaCl and 0.3 g L-cysteine 284 

hydrochloride hydrate were dissolved in 1 L distilled water (pH 7.0 ± 0.2). Afterwards, the 285 

solution was sterilized in an autoclave. Culture medium inoculated with patients’ feces was 286 

prepared by diluting fecal samples (approximately 1 g) 1:200 with cysteinated Ringer solution.  287 

At pre-determined times, 2 mL of culture media were withdrawn, centrifuged for 10 min at 288 

15000 rpm (Centrifuge Universal 320; Hettich, Tuttlingen, Germany), filtered (0.22 μm, 289 

Millex-HU; Merck Millipore, Tullagreen, Ireland) and quantified by HPLC (Waters E2695 290 

ALLIANCE HPLC) for their drug content using an equipment with a pump, an auto sampler 291 

and coupled to UV-Vis detector. For the detection of theophylline as a model drug, the mobile 292 

phase was prepared by mixing 90 % phosphate buffer saline 6.8 with 10 % acetonitrile (v/v). 293 

Samples were injected into a C18 column (Gemini® 5 µm C18 110 Å, 100 mm x 4.6 mm; 294 
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Phenomenex, Le Pecq, France) at a flow rate of 0.6 mL/min. The drug was detected at λ = 295 

275 nm [32]. The range of concentrations of the calibration curve was [5-150 mg/L] and r2 was 296 

0.9998.  297 

 298 

Results and discussion 299 

In-vitro drug release from polymeric films 300 

An ideal microbially-triggered system for prolonged release should protect the drug in the upper 301 

GIT and release it in the distal part of the GIT (e.g., ileocecal and colonic region) due to the 302 

presence of the microbiota. Numerous release kinetic profiles were obtained in this study for 303 

controlled delivery. Some of them were able to suppress drug release for up to 8 h in the upper 304 

GIT. Others showed the ability to deliver the drug in a prolonged manner, irrespective of the 305 

presence of microbiota. This phenomenon could be interesting and appealing for therapies with 306 

prolonged drug delivery, unsusceptible to the microbiota. However, these systems should 307 

release drug in zero-order kinetics in order to control the delivered drug doses. Figure 1 stands 308 

for the molecular structure and related physicochemical properties of shellac. 309 

The in vitro drug release profile from a polymeric film should enable the estimation of drug 310 

release from coated solid dosage forms. Since these polymeric films containing drug are 311 

matricial systems, coated mini-tablets (reservoir systems) will deliver the drug more slowly due 312 

to the run-through of the polymeric barrier surrounding the mini-tablets. It was relevant to 313 

investigate and compare different polymeric films to determine the most suitable for controlled 314 

and prolonged drug delivery in the distal part of the GIT. Figure S1 (supplementary data) 315 

illustrates the in vitro drug release profile from polymeric films based on Ethylcellulose:Shellac 316 

(EC:Swanlac® ASL10) composition at different blend ratios (90:10; 80:20; 70:30; 60:40), in 317 

the presence or absence of dicalcium phosphate.These polymeric films were incubated in 0.1 318 

M HCl for the first 2 h, then in 6.8 phosphate buffer for the next 6 h simulating the upper GIT. 319 

Films were loaded with 1 % theophylline anhydrous (w/w, referring to the total dry mass of the 320 

film). As shown in Figure S1, theophylline release from films with dicalcium phosphate (dotted 321 
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lines) was slower than without dicalcium phosphate (full lines) with respect to the 322 

polymer:polymer ratio. Dicalcium phosphate was chosen because several sources mentioned 323 

the fact that minerals can retain drug into the delivery systems, which can be very beneficial 324 

for the controlled release [33]. Dotted lines showed very interesting trend: all kinetic profiles 325 

have been impacted and modified. In vitro drug release became slower and less pronounced 326 

with dicalcium phosphate. 327 

Except for the ratio (90:10), which showed no significant difference between with and without 328 

dicalcium phosphate), all other ratios (80:20, 70:30, 60:40) showed improved controlled release 329 

profiles. This can be attributed to the fact that the drug release rate from polymeric films with 330 

the ratio (90:10) was initially low. Thus, the impact of such mineral excipients can be a very 331 

useful tool for controlled drug delivery. 332 

Importantly, the ratio (80:20) exhibited 26 % release from films with dicalcium phosphate 333 

versus 65 % without dicalcium phosphate. Moreover, 70:30 blend ratio displayed 55 % release 334 

from films with dicalcium phosphate, versus 80 % without dicalcium phosphate. 335 

Finally, the ratio (60:40) has only released 44 % of drug from films with dicalcium phosphate, 336 

whereas a completely release of drug content can be seen been from polymeric films without 337 

dicalcium phosphate. 338 

It is clear that the addition of this mineral can impact the profile of drug release by slowing 339 

down the drug diffusion in the outer bulk fluid. This behavior could be attributed to the drug 340 

being captured or adsorbed into the porous scaffold of crystals [33]. As this mechanism was 341 

not investigated in our studies, we have not conducted any further experiments with dicalcium 342 

phosphate at present, but these results could be considered promising for colon targeting. 343 

The ethylcellulose fraction impacted drug diffusion due to its hydrophobic nature, which can 344 

decrease drug release in simulated GIT fluids, irrespective of the pH level. Indeed, 345 

ethylcellulose is known for its water barrier functions, and is introduced into the coating 346 

material of solid dosage forms in order to decrease the hydrophilicity of polymers (e.g. 347 

polysaccharide) and reduce their premature dissolution. This allows controlled management on 348 
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the release profile of drug substances. The ethyl-ether groups which substitute hydroxyl end 349 

groups of cellulose make it water insoluble polymer in the GIT.   350 

Although EC is insoluble at any pH in the gastro-intestinal tract, it swells slowly upon exposure 351 

to gastric fluid [34], making it permeable to water [35]. This amount of water uptake is 352 

controlled with respect to film coating thicknesses.  353 

In vitro drug release from film coatings based on EC relies on the coating level, drug solubility, 354 

and the way the polymer is carried out during the coating process (e.g., aqueous dispersion or 355 

organic solution). The influence of EC over other polymers on the control of drug delivery was 356 

demonstrated by Shah et al. and Karrout et al. [28, 36, 37]. Ethylcellulose forms a rigid coat 357 

that decreases polymer leaching and, consequently, drug release, due to the close packing and 358 

shorter interchange chain distance [38].   359 

As the swelling of dry shellac is known at pH 6.8, an ‘‘open’’ network with a larger average 360 

distance between polymeric chains is expected, whereas a fairly ‘‘tight’’ network is formed at 361 

pH 1.2. The latter can be beneficial for the protection in the upper GIT, particularly when mixed 362 

with thermoplastic hydrophobic polymers. 363 

 364 

As EC:Swanlac® ASL10 blends showed good controlled-release properties, these polymers 365 

were selected for further studies involving an additional polysaccharide, which should be 366 

degraded by the colonic microbiota for colon targeting. 367 

Due to the presence of the microbiota in high concentrations in the distal part of the GIT 368 

(ileocecal and colonic regions), we could imagine prolonged and controlled drug delivery once 369 

these regions are reached. As in the conditions depicted in Figure S1, we investigated thin 370 

polymeric films based on EC:Swanlac® ASL10 with the addition of maltodextrin, a hydrophilic 371 

polysaccharide that can be degraded by the microbiota enzymes secreted in the distal part of 372 

the GIT (Figure 2). 373 
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Thin polymeric films were characterized at different thicknesses: 70 μm, 250 μm and 400 374 

μm, using different blend ratios: [70:(30)] and [50:(50)] [EC:(Swanlac® ASL10 50 % + 375 

maltodextrin 50 %)] as indicated in the diagram. The goal was to better understand the 376 

behaviour and properties of these blended polymeric film coatings, considering: (*) 377 

polymer:polymer blend ratios, (**) film thickness, and (***) the influence of maltodextrin on 378 

drug release from these matricial systems. All experiments were carried out in triplicates. 379 

Overall, we can easily see the negative evolution as the mean thickness increases due to the 380 

increase in diffusion pathway length. This phenomenon is well studied in the literature and is 381 

explained by the increase in polymeric network density [39], which increases the diffusion 382 

pathway. Obviously, thicknesses of 400 μm corresponded to the slowest kinetic profiles 383 

obtained. 384 

The 70 μm thin film (Figure 2) exhibited an immediate release for both [70:(30)] and [50:(50)] 385 

polymeric blend ratios due to the decreased diffusion pathway and polymeric network density. 386 

Based on this understanding, we can approximately select the best candidate that could be used 387 

to coat the mini-tablets for prolonged and controlled drug delivery in the distal part of the GIT. 388 

This partial release evidenced that the composition, as a single film coating, was sufficiently 389 

impermeable to protect the drug under these conditions. However, it should be emphasized that 390 

such matrix polymeric films based on EC can present a balanced concentration gradient 391 

between the inner and outer site (“bulk release medium”) of the polymeric networking.  392 

The obtained results from the release kinetic profiles showed prolonged drug release, unaffected 393 

by the increased addition of hydrophilic polysaccharide.  394 

Interestingly, reducing the ethylcellulose fraction in favor of the second fraction 395 

(shellac+maltodextrin) from 70:(30) to 50:(50) only had little impact on the drug release 396 

profiles. This can be probably attributed to the fact that also the hydrophobic backbone of 397 

shellac will interact and increase significantly the hydrophobic nature of these new developed 398 

systems.  399 
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This formulation seems to be an appropriate tool to target the colon with such dual-triggered 400 

stimuli system (pH and microbiota sensitive system). 401 

Importantly, shellac provides in this case a pH-dependent property, while maltodextrin or other 402 

natural polysaccharides could be obviously substrates of the microbiota.  403 

The formulation of shellac mixed with EC in the investigated blend ratios (70:(30) and 50:(50)) 404 

could be used as good candidates for colon targeting. 405 

Promising free polymeric films have been identified with low drug diffusion upon exposure to 406 

release media simulating the stomach and small intestine fluids (Figure 2). 407 

These physicochemical characteristics are interesting in terms of film coatings for oral dosage 408 

forms. Certainly, from a coated tablet core, the drug has a longer pathway to cross: Firstly, the 409 

drug has to be dissolved within the tablet core. Secondly, it must be diffused through the 410 

polymeric barrier to the outer side of the tablets. In the reservoir system, drug should pass over 411 

through the coating layer or pass through hydrophilic pores in the film coating to reach the bulk 412 

release medium. 413 

In-vitro drug release from coated mini-tablets 414 

Quality control of uncoated mini-tablets was carried out in accordance with Ph. Eur. 11.1. 415 

Figures S2, S3, S4, S5 (supplementary data) represent the various quality tests carried out and 416 

also highlight the conformity of the mini-tablets. Importantly, the uncoated mini-tablets used 417 

complied with Ph. Eur. 11.1 and could therefore be used for film coatings. 418 

Figures 3, 4 and 5 show the in vitro release kinetics of theophylline from coated mini-tablets 419 

with EC:Swanlac® ASL10 blends at different ratios (80:20; 75:25; 60:40, respectively) and 420 

coating levels. Coating levels correspond to the weight gain after the coating of mini-tablet 421 

cores. The increase of the coating level leads to a thicker and denser coating material on the 422 

tablet, which increases the diffusion pathway.  423 

40g of mini-tablets were withdrawn at pre-determined time points during the process after each 424 

coating level indicated in the diagram. The following EC:Swanlac® ASL10 ratios were chosen: 425 
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(80:20); (75:25); (60:40) and the coating levels were: 10, 12, 13.5, 15, 18, 20, 25, 30, 35 %, 426 

depending on the polymer:polymer ratio. 427 

The mini-tablets were then incubated in 0.1 M HCl for 2 h, followed by phosphate buffer pH 428 

6.8 for 6 h to simulate the upper GIT (Figures 3a, 4a and 5a). Moreover, to simulate the entire 429 

GIT, the same oral dosage forms were incubated in 0.1 M HCl for 2 h, then followed by PBS 430 

pH 6.8 for 6 h, before being transferred into simulated colonic fluid with and without fresh 431 

feces samples (Figures 3b, 4b and 5b). 432 

A comparison between ratios and coating levels was performed to determine the influence of 433 

each one upon theophylline release under these conditions as well as to select the best candidate 434 

for colon targeting. 435 

As shown in Figure 3, EC:Swanlac® ASL10 (80:20, using 13.5 to 27 % coating level) exhibited 436 

none or little diffusion in the simulated gastric and intestinal fluids up to 8 h (Figure 3a), which 437 

protects the drug release in these media. However, the same results were obtained when 438 

followed by 24 h incubation in colonic medium. There was no significant difference in the 439 

release profile in the presence or absence of fecal samples up to 32 h (Figure 3b).  440 

 441 
A comparison of the release kinetics of coated mini-tablets and films shows a good estimate 442 

of protection against water uptake and subsequent drug diffusion (polymeric films vs. real 443 

coated mini-tablets).  444 

Figure 4 shows no release up to 8 h, which indicates that polymer:polymer ratio (75:25) protects 445 

completely this dosage form in the upper GIT similarly to ratio (80:20).  446 

After 24 h incubation in simulated colonic medium, a slight onset of drug release was observed. 447 

Both (80:20) and (75:25) ratios are (at least at the 15 % coating level) very useful film coatings 448 

for colonic drug delivery under these conditions.  449 

Please note that 24 h incubation time in the colon was chosen in order (i) to better exploit the 450 

microbiota in vitro, which is a long process for proliferation (sufficient time for bacteria to be 451 
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multiplicated), and (ii) to better simulate the colonic transit time, which can be ranged from 452 

18 to 34 as well varied considerably from one subject to the other (sex, age, disease etc.) [40]. 453 

Drug protection is possible in the upper GIT using these dosage forms (Figure S6), but 454 

unfortunately also in the lower GIT without the microbiota, these systems start to release drug 455 

in a slow time-controlled manner. It is worth pointing out that these coating materials could 456 

offer the following advantages: (1) suitable for lower-dose therapies “chronotherapy”, (2) easy 457 

to be administered. 458 

  459 
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This is consistent with the literature: indeed, shellac-based coating layers remain intact in the 460 

stomach until they reach the pH-threshold, which is greater than 7.0. Shellac enables drugs to 461 

be transported to the colonic compartment for a topical alleviation of local affections [41–44]. 462 

For reasons of comparison, Karrout et al. [28] demonstrated in vitro 5-ASA release from 463 

Pentasa® pellets and Asacol® capsules. They showed the premature 5-ASA release from these 464 

commercially available dosage forms in the upper GIT. These outcomes were consistent with 465 

previous reports in the literature [45, 46].  466 

Figure 5 illustrates in vitro theophylline release profiles from coated mini-tablets at (60:40) 467 

blend ratio. Upon exposure to the upper GIT (Figure 5a), the evolution of drug release can be 468 

seen as function of coating level. Surely, we selected mini-tablets releasing very low amount in 469 

the upper GIT for each exploited formulation. For instance, (75:25) and (60:40) blend ratios 470 

were tested at different coating levels throughout the whole GIT in order to adjust the 471 

appropriate coating level required for a prolonged drug delivery, which can protect drug in the 472 

upper GIT and be fermented/degraded in the distal GIT. 473 

Shellac does not dissolve at pH 1.2 and maintains its barrier functions, allowing for gastric 474 

resistance. Mini-tablets coated with 30 % level were the most robust and stable, which released 475 

only 14 % of drug concentration during 8 h of incubation. 476 

Interestingly, all other coating levels (15 %, 20 % and 25 %) reached the same release profile 477 

of drug delivery as the coating level 30%. This again, highlighted the impact of the 478 

ethylcellulose amount on the hydrophobicity of these advanced dud delivery systems. Surely, 479 

this can confirm the above obtained results with polymeric films. 480 

In Figure 5b, the same experience was performed with subsequent incubation in simulated 481 

colonic fluid for a further 24 hours. As in Figure 5a, the 20 % coating level (full line) reached 482 

around 25 % drug release after 8 h (in the upper GIT), which was twice as important as the 483 

other coating levels. Almost the entire amount of drug was delivered using this coating level 484 

after 32 h, as compared to the others, reaching about 72 % drug release (ratios and coating levels 485 

are indicated in the diagram). For all the tests, we did not notice any significant difference in 486 
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drug release with or without bacteria. Shellac is a non-fermentable polymer, like 487 

ethylcellulose, and is not degraded by bacterial enzymes. There is only a passive diffusion of 488 

drug through the film coating, which increases in the upper GIT as shellac fraction in the blend 489 

ratio increases. Moreover, a change in the color of the mini-tablets can be seen in Figure 6 and 490 

explained as follows: the raw material of aqueous shellac ammonium salt has a dark orange 491 

tint. The overall system contained less ethylcellulose and was less hydrophobic. Shellac is 492 

known to have good film-forming properties and is mainly used as enteric coating, which can 493 

be considered a best candidate for colon targeting [16, 47].  494 

As for its molecular structure, shellac contains non-polymerized carboxyl groups on cyclic 495 

terpene acids, making it a weak acid with a pKa between 5.6 and 7.0, depending on the type 496 

and grade [24, 48]. 497 

At pH < pKa, the carboxyl groups are protonated and produced strong intermolecular hydrogen 498 

bonding. The latter renders the shellac polymer tightly arranged and, thus, lead to a film coating 499 

with high modulus of rigidity [16, 49]. As the pH of the surrounding medium increases, the 500 

carboxylic groups dissociate and shellac swells. The swelling of shellac at pH 6.8 is known. 501 

This swelling precedes its dissolution, which is located around pH 7.3 due to its ionization 502 

above this pH value [16, 49, 50].  503 

The different shellac mechanisms reactions are indicated below: 504 

R – COOH  +  NH4
+ + OH-         R – COO-  + NH4

+ + H2O   505 

 (Shellac ammonium salt solution) 506 

After coating and drying 507 

 R – COO- NH4+     (Ammonium shellac salt film)   508 

After digestion and contact to stomach with 0.1 M HCl (pH 1.2) 509 

      R – COOH + NH4Cl   510 

The swelling reduces the barrier functions of the coating and allows water to penetrate into the 511 

tablet core. Other parameters to be considered are mechanical properties and brittleness, which 512 

are shown to be much better using ammonium aqueous shellac solution than the alcoholic 513 
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solution. Luangtana et al. [24] reported that the high amount of shellac in thin composite 514 

films based on alcoholic solution leads to weak mechanical properties and high brittleness. 515 

Thus, the higher the shellac content in the dosage form, the lower the strength and strain are 516 

generated. 517 

If we combine these characteristics with the lower overall hydrophobicity of the system, we can 518 

explain the kinetic profiles of this composition. The pH in which this enteric polymer dissolves 519 

is controlled by the pKa and the amount of carboxyl groups [51]. As the amount of shellac 520 

increases, its pH properties have an impact on the overall behaviour of the system and early 521 

release occurs (Figure 5). 522 

We have an interesting avenue, which can be explored in this study, related to the high 523 

dissolution pH-threshold of shellac. This feature permits prolonged and controlled release in 524 

the upper, or even in the entire GIT, for up to 32 h when combined with ethylcellulose. 525 

Moreover, the pH in the distal part of the GIT is lower in IBD patients, giving us the opportunity 526 

to use this natural resin polymer well below its dissolution pH threshold (pH 7.0). In this case, 527 

adding polysaccharides degraded by the intestinal microbiota will be required to trigger the 528 

degradation of such new developed systems. 529 

From another point of view, Figure S6 (supplementary data) displays theophylline release as a 530 

function of ratios at various coating levels (15 %; 20 %; 25 %; 30 %) in the upper GIT. This 531 

compilation of release kinetic profiles allows us to evaluate the release kinetic profile evolution 532 

when increasing EC fraction and select the best candidate for colon targeting. We can also 533 

assess the impact of coating level, irrespective of blend ratios. The increase of  the coating level 534 

will lead to thicker and denser film coating, impeding the easy and quickly formation of pores 535 

and subsequently diffusion of the drug at the site of action [36]. It has to be pointed out that this 536 

phenomenon can be considered as advantageous in the protection of drug in the upper GIT, but 537 

unfortunately disadvantageous in drug triggering into the colon. 538 

For mini-tablets tested up to pH 6.8, drug release was linked to the swelling of both shellac and 539 

ethylcellulose, followed by drug diffusion through the coating [43]. Although the shellac 540 
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coating is resistant at acidic pH, small amounts of water can penetrate the shellac-based 541 

material in the case of aqueous products containing ammonium salts, which were used for this 542 

study [49]. 543 

Even if shellac is highly hydrophobic, its proportion must be considered when developing and 544 

optimizing these drug delivery systems. Importantly, the (60:40) ratio seems to fit the required 545 

profile for colon targeting, which have shown a zero order kinetic profile irrespective of 546 

bacterial triggering action (Figure 5b). Given these considerations, optimization is possible by 547 

exploiting the toughest ratios (namely (80:20) and (75:25) ratios) and adding a natural 548 

polysaccharide for inducing a microbial-triggered-release, instead of a diffusion or pH 549 

dependent release triggering. The diffusion of drug into the surrounding media depends on 550 

water uptake and dry mass loss of the dosage form, which is controlled by the nature and the 551 

quantity of the added polysaccharide. The phenomenon of drug release from coated mini-tablets 552 

and pellets with bacteria and pH-sensitive polymeric film coatings include swelling of the 553 

polymer, erosion, and the dissolution of the polysaccharide creating pores/channels into the 554 

coating layer, thus facilitating diffusion of water and drug release.  555 

It is necessary to find an appropriate balance between an overly resistant system and a suitable 556 

bacteria sensitive dosage form. Interestingly, natural polymers can also show comparable or 557 

superior performance to synthetic polymers in such applications. Shellac possesses a 558 

combination of characteristics such as good film formability, accurate pH-responsiveness, and 559 

amphiphilicity, making it a promising processing material [52].  560 

The use of natural polysaccharides is of utmost importance due to their prebiotic and other 561 

multiple physiological activities, which can have in some cases beneficial effects by IBD 562 

patients [53]. 563 

As a polysaccharide, inulin was chosen and incorporated into polymeric films based on 564 

EC:Swanlac® ASL10 at different percentages. The goal was to determine the impact of this 565 

hydrophilic and biodegradable polysaccharide, as well as the appropriate amount used to target 566 

the distal part of the GIT. Figure 7 displays theophylline release as a function of the 567 
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concentration of additional inulin in polymeric films. The amount of the added 568 

polysaccharide was ranged from 0 % to 30 % (w/w, referring to the total dry mass of the film 569 

(EC+Shellac+TEC)). Please note that inulin was chosen due to its excellent mechanical 570 

properties (flexibility) [54], as well to its resistance to digestive enzymes in the upper GIT, but 571 

fortunately degraded by inulinases of Bifidobacterium genus located in the colon [55, 56]. 572 

The blend ratio of EC:Swanlac® ASL10 were the same as for the coated mini-tablets (described 573 

above), namely 80:20 and 75:25. For comparison purposes, all films were standardized with an 574 

average of 600 μm thickness. The increase of film thicknesses (600 µm) were chosen in order 575 

to study its impact on drug release from polymeric films including the bacteria fermented 576 

polysaccharide inulin.  577 

As it can be seen in figure 7 a, films containing high amount of inulin showed premature drug 578 

release due to the increased amount of the hydrophilic polysaccharide (inulin). As expected, 579 

drug release increased with increasing inulin amount. As it can be seen in Figure 7a, the addition 580 

of 30 % inulin (w/w, referring to the total dry mass of the film (EC+Shellac+TEC)) leads to 60 581 

% of drug release. Considering that polymeric films (matrix system) containing high amount of 582 

inulin showed more or less fast drug release when placed into an aqueous medium, drug release 583 

from mini-tablets (reservoir system) will take more time to be released.  584 

In a same way, Figure 7b clearly shows slowed drug release from films based on (EC:Swanlac® 585 

ASL10; 75:25). Less than 50 % release was achieved with the two highest amounts of inulin, 586 

while lower concentrations led to 20 to 30 % release up to 8 h. Data from Fig 3a and 4a should 587 

not be compared directly to data from figure 7 because the dosage form is not the same. In this 588 

case, the added inulin to the system can extremely impact the drug release behavior of such 589 

advanced drug delivery systems. 590 

Please note that inulin has little hydrophilic properties compared to other polysaccharides. This 591 

may explain the retention capacity of this compound, which was further supported by Benzine 592 

et al [32]. They investigated in vitro theophylline release from hot melt extrudates using several 593 

polysaccharides over 24 h in the same media as for the upper GIT (HCl 0.1 M followed by PBS 594 



 24 
6.8) and showed that inulin was one of the most resistive materials, with only 13 % release 595 

up to 24 h. These formulations give a good estimation of their use on mini-tablets, as the drug 596 

has a longer pathway from the inner core to the outer side at the site of action. These polymeric 597 

films could be used to protect drug within the upper GIT, with the possibility of in situ 598 

degradation caused by the metabolic activity of the microbiota. Following these observations, 599 

the same compositions with the same blend ratios were tested to coat mini-tablets. The 600 

percentages of inulin were selected between 5 and 20 %. The aim of this study was to find a 601 

colon-targeted formulation capable of showing an immediate or prolonged drug release within 602 

the lower GIT only, due to a stimulus provoked by microbiota degradation in this region. 603 

According to Figure 7, which shows drug release from polymeric films, we could easily 604 

incorporate inulin into the coating layer, as data in the upper GIT showed little influence on 605 

drug release. Shellac brings here a pH dependency, which is interesting for a dual-triggered 606 

stimuli system. Its presence promotes the dissociation of formulation as pH evolves. Inulin 607 

serves as a substrate for the microbiota, but also increases the hydrophilicity and thus the entry 608 

of water into the coating. Figure 8a stands for theophylline drug release of mini-tablets in the 609 

upper GIT, coated with EC:Swanlac® ASL10 (80:20)  and 5 % inulin,using different coating 610 

levels.  611 

In accordance with the results observed with polymeric films (Figure 7), the addition of inulin 612 

did not lead to any significant difference in drug release in the upper GIT. The formulations 613 

were clearly resistant, showing less than 5 % theophylline release up to 8 h. The same 614 

formulations were then subsequently incubated in simulated colonic medium with and without 615 

fresh fecal samples to further evaluate this formulation for colon targeting. Figure 8b shows 616 

negligible differences for 5 % and 10 % inulin. For a blend ratio of (80:20), the influence was 617 

found to be very low. Therefore, more polysaccharide would be required in this case to trigger 618 

drug release in the distal part of GIT. Polymeric films did not show differences either for this 619 

ratio (figure 7).  620 
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On the other hand, Figure 9 was conducted in the same conditions with EC:Swanlac® ASL10 621 

(75:25)  blend ratio. 622 

Importantly, the same behavior can be observed in the upper GIT. These robust systems can 623 

withstand their incubation in the upper GIT, even with the adjunction of a hydrophilic 624 

component. Nonetheless, Figure 9b highlights some interesting data for colon targeting. 625 

Different drug release profiles can be depicted upon exposure to the entire gastrointestinal tract, 626 

including 24 h in colonic medium. Interestingly, the addition of 10 % inulin has showed 55 % 627 

release during 24 h upon exposure to culture medium inoculated with fecal samples. However, 628 

the addition of 5 % inulin, which displayed only 10 % drug release, was not sufficient to trigger 629 

drug release in the colon. For reasons of comparison, in vitro drug release of the same 630 

formulation (10 % inulin) has been carried out in the entire GIT without fecal samples. 631 

Importantly, in vitro drug release was very low and not impacted by culture medium without 632 

bacteria.  Obviously, inulin serves as a substrate for the microbiota.  We believe that release 633 

will be faster and higher by increasing the amount of the polysaccharide fraction (15, 20, 30 %) 634 

under these conditions. Please note that coating level was increased as the amount of inulin 635 

increased for more protection in the upper GIT, since the system becomes more hydrophilic: 636 

12 % CL was exploited with 5 % inulin and 25 % CL with 10 % inulin. Therefore, the need to 637 

protect the drug is superior when the hydrophilicity of such systems rises. These new developed 638 

systems based on polysaccharides need to be more protected by thicker coating.  It is important 639 

to note that there can be a saturation of the enzymatic activity as well as secretion in the utilized 640 

closed test dissolution set up. This phenomenon will not be limited in vivo due to the motility 641 

and peristalsis, ensuring continuous degradation of the formulation (open ecosystem). Figure 642 

10 represents macroscopic pictures of these mini-tablets coated with Ethylcellulose:Swanlac® 643 

ASL10 (75:25) and containing 5 or 10 % inulin. 644 
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From another point of view, Figure S7 indicates drug release as a function of the blend ratio 645 

(80:20 and 75:25) and the amount of inulin added (5 % and 10 %) in the coating layer. 646 

Interestingly, (80:20) blend ratio containing 5 % inulin displays a double percentage of 647 

theophylline release compared to the one of (75:25) ratio (21 % vs 10.5 % respectively, Figure 648 

S7a). However, the opposite trend could be observed in case of 10 % inulin (Figure S7b). 649 

10 % inulin in such new developed systems provided relevant clue for colonic drug delivery. It 650 

is to emphasize that 10 % inulin will be the minimum amount at which a colon targeted profile 651 

is conceivable under these conditions, protecting the drug in the upper GIT but triggering drug 652 

release in the lower GIT. Here, inulin as an excipient showed interesting and significant 653 

variations on theophylline drug release over time, providing a potential dual (pH and bacteria 654 

sensitive)-triggered stimuli system. This new developed formulation containing 10 % inulin as 655 

a biodegradable polysaccharide confirmed in vitro efficacy, which offers very promising 656 

perspectives and deserves to be further exploited in preclinical studies. 657 

Conclusion 658 

Novel polymeric film coatings for prolonged and controlled drug delivery in the distal part of 659 

GIT, based on Ethylcellulose:Swanlac® ASL10 blends containing inulin, have been identified. 660 

Some of them have demonstrated the ability to completely protect the drug in the upper GIT, 661 

which may be a useful tool for protein-based therapies via oral route. Clearly, the contribution 662 

of EC to protect drug and hinder premature film dissolution is of overriding importance. 663 

Surprisingly, Shellac ASL 10 plays an operational key role in the efficiency of these film 664 

coatings, which must be adjusted in the polymer blending to avoid potential failure of the 665 

concept/technology. It is of utmost importance to optimize these novel technologies in order to 666 

achieve appropriate triggered release kinetics at the site of action, as well in physiological as in 667 

pathological conditions. One thing is clear: this new pharmaceutical technology based on 668 

Ethylcellulose:Shellac which may or may not include a polysaccharide, can be used for 669 

prolonged release in the lower GIT of fragile drugs such as protein and polypeptide-based drugs 670 

that are destroyed in the upper GIT and preferentially released in the colon. 671 
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Figure Captions 705 

Fig. 1  Chemical structure and properties of shellac with permission of Thombare et al. 706 
[57] 707 

 708 

Fig. 2  Impact of the thickness on in vitro theophylline release from polymeric films 709 
based on Ethylcellulose:(Swanlac® ASL10 + maltodextrin) and plasticized with 710 
25 % TEC. Thicknesses and the blend ratio are indicated in the diagram. 711 
Polymeric films containing 1 % theophylline were incubated in 0.1 M HCl pH 1.2 712 
(2 h) followed by phosphate buffer pH 6.8 (6h). 713 

 714 

Fig. 3 Impact of the coating level on in vitro theophylline release from coated mini-715 
tablets with Ethylcellulose:Swanlac® ASL10 blend (80:20) upon exposure to (a) 716 
the upper GIT: 0.1 M HCl (2 h) followed by phosphate buffer pH 6.8 (6h), and 717 
(b) the entire GIT: simulated gastric and intestinal fluids followed by culture 718 
medium inoculated with or without fresh fecal samples (24h). For reasons of 719 
comparison mini-tablets were incubated in culture medium without fresh fecal 720 
samples (24h). 721 

 722 

Fig. 4  Impact of the coating level on in vitro theophylline release from coated mini-723 
tablets with Ethylcellulose:Swanlac® ASL10 blend (75:25) upon exposure to (a) 724 
the upper GIT: 0.1 M HCl (2 h) followed by phosphate buffer pH 6.8 (6h), and 725 
(b) the entire GIT: simulated gastric and intestinal fluids followed by culture 726 
medium inoculated with or without fresh fecal samples (24h). For reasons of 727 
comparison mini-tablets were incubated in culture medium without fresh fecal 728 
samples (24h). 729 

 730 
Fig. 5 Impact of the coating level on in vitro theophylline release from coated mini-731 

tablets with (60:40) Ethylcellulose:Swanlac® ASL10 blending upon exposure to 732 
(a) the upper GIT: 0.1 M HCl (2 h) followed by phosphate buffer pH 6.8 (6h), and 733 
(b) the entire GIT: simulated gastric and intestinal fluids followed by culture 734 
medium inoculated with or without fresh fecal samples (24h). For reasons of 735 
comparison mini-tablets were incubated in culture medium without fresh fecal 736 
samples (24h). 737 

 738 
Fig. 6  Macroscopic pictures of coated mini-tablets with Ethylcellulose:Swanlac® 739 

ASL10 (60:40) blends. The coating levels are indicated on the left hand side. The 740 
potential exposure to the release media is indicated at the top. 741 

 742 

Fig. 7  Impact of inulin amount (0 to 30 %; w/w referring to the total mass of the film) 743 
on in vitro theophylline release from polymeric films based on 744 
Ethylcellulose:Swanlac® ASL10 blends ratio: (a) 80:20 and (b) 75:25. Polymeric 745 
films are incubated in 0.1 M HCl (2 h) followed by phosphate buffer pH 6.8 (6h).  746 
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 747 
Fig. 8 Impact of (a) the coating level on in vitro theophylline release from coated mini-748 

tablets with Ethylcellulose:Swanlac® ASL10 blend (80:20) with 5 % inulin 749 
added, and (b) the amount of inulin (0, 5 and 10 %)  into the film coatings. Coated 750 
mini-tablets are exposed to (a) 0.1 M HCl (2 h) followed by phosphate buffer pH 751 
6.8 (6h), and (b) simulated gastric and intestinal fluids as well as simulated colonic 752 
fluid with and without fresh fecal samples. 753 

 754 

Fig. 9 Impact of (a) the coating level on in vitro theophylline release from coated mini-755 
tablets with Ethylcellulose:Swanlac® ASL10 blend (75:25) with 5 % inulin 756 
added, and (b) the amount of inulin (0, 5 and 10 %)  into the film coatings. Coated 757 
mini-tablets are exposed to (a) 0.1 M HCl (2 h) followed by phosphate buffer pH 758 
6.8 (6h), and (b) simulated gastric and intestinal fluids as well as simulated colonic 759 
fluid with and without fresh fecal samples. 760 

 761 
Fig. 10  Macroscopic pictures of coated mini-tablets with Ethylcellulose:Swanlac® 762 

ASL10 (75:25) blends. The percentages of inulin are indicated on the left hand 763 
side. The potential exposure to the release media is indicated at the top. 764 

 765 
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