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A doubly enteric-coated multiple-unit tablet (DET) of bisacodyl (BD) was formulated to selectively deliver the
stimulant laxative to the large intestine. Solubilized BD in surfactants was adsorbed into the porous carrier and
primarily coated with different combinations of pH-sensitive polymers (Eudragit S and Eudragit L) and time-de-
pendent release polymer (Eudragit RS). BD-loaded granules were compressed into tablets and coated again with
pH-sensitive polymers (Eudragit S:Eudragit L = 1:1). The multiple-unit tablet was optimized with respect to the
granular coating compositions (Eudragit S:Eudragit L:Eudragit RS = 5:1:4) and coating level (12.5%), and coating
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Bis};vaOdyl level on the tablet (25%), by evaluating in vitro release profile in continuous dissolution medium. Drug release
Colon targeted delivery from the optimized tablet was effectively retarded in the simulated gastric and small intestinal fluids (below
Eudragit® 7%), but profound drug liberation was attained in the colonic fluid (over 50%). On the other hand, drug release
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from the marketed product (Dulcolax®, Boehringer Ingelheim Pharma), a reference drug, in the gastric and
small intestinal fluids was reached to 30%, while that in the colonic fluid was only 7%. In an in vivo efficacy
study in loperamide-induced constipated rabbits, a remarkable recovery in fecal secretion was observed in the
DET-treated group 24 h post-dosing, compared to vehicle-treated (p < 0.05) and the marketed product-treated
groups (p <0.05). Moreover, pharmacokinetic evaluation in the constipated rabbits revealed that the DET system
significantly lowered the systemic exposure compared with the marketed product (p < 0.05), by hindering drug
release in the upper intestine, a preferential absorption site. Therefore, the novel colon-targeted delivery system
may be an alternative for boosting pharmacological responses in the colon, while diminishing the intestinal irri-
tation and/or systemic adverse effect of the stimulant laxative.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Bisacodyl ((2-pyridinylmethylene)di-4,1-phenylene diacetate, BD),
a stimulant laxative, has frequently prescribed to treat functional consti-
pation and/or to evacuate the bowels before colonoscopy (Adams et al.,
1994). After oral administration, the inactive prodrug is hydrolyzed into
the active metabolite, bis(p-hydroxyphenyl)pyridyl-2-methane
(BHPM), by intestinal brush border enzymes and/or bacteria present
in the large intestine (Jauch et al., 1975; Reynolds, 1993). BHPM inhibits
the reabsorption of water and electrolytes and increases their secretion
into the intestinal lumen, by stimulating the epithelial cells in the large
intestine (Reynolds, 1993). To minimize exposure in the upper intestine
or intestinal absorption of the stimulant laxative, the originator of BD
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(Boehringer Ingelheim Pharma, Biberach an der Riss, Germany) devel-
oped an enteric-coated tablet (Dulcolax®) using methacylic acid/ethyl
acrylate copolymer (Eudragit L100-55) as coating material (Dulcolax®
Product Monograph, 2014). However, its oral therapy is still hampered
by gastrointestinal side effects including stomach or abdominal irrita-
tion, pains, and vomiting. Actually, over 9.2% of the dose was preferen-
tially absorbed in the upper intestine and excreted as glucuronide
form in urine in healthy subjects, after oral administration of the
marketed product (Roth and Beschke, 1988).

Several pharmaceutical approaches including pH-, time-, and en-
zyme-dependent release systems have been explored to selectively de-
liver locally active compounds in the colon (Sinha and Kumria, 2001;
Krishnaiah et al., 2003; Sinha and Kumria, 2003; Chourasia and Jain,
2003; Friend, 2005). Of these, the enteric coating of a solid dosage
form with a pH-sensitive release polymer is commonly used for colonic
targeted drug delivery. This approach utilizes polymeric materials that
are insoluble in the low pH environment of the stomach (pH < 2.5)
and in the more neutral environment of the proximal small intestine
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(6.6 £ 0.5), but which dissolve at the higher pH of the distal gastrointes-
tinal (GI) tract (7.5 4+ 0.4 in the distal small intestine). The
polymethacrylate polymers Eudragit S and Eudragit L, which are soluble
at pH exceeding 7.0 and 6.0, respectively, have been routinely used in
preparing colon-specific formulations that hindering drug release in
the upper parts of the GI tract (Kotagale et al., 2010; Illangakoon et al.,
2015). However, despite their simplicity in preparation and commercial
success, tablets coated only with pH-sensitive enteric polymers often
produce unreliable colonic release in patients, because of large inter-
and intra-individual variability in intestinal acidity (Ashford et al.,
1993). Alternatively, the combinatory use of pH-dependent polymers
and time-dependent release polymers is a simple and effective ap-
proach to ensure invariable drug delivery throughout the colon, even
with different individual physiological or pathological GI conditions
(Akhgari et al., 2006). Naeem et al. (2015) reported that an enteric
coating system of budesonide consisting of Eudragit-based pH-depen-
dent and time-dependent controlled release polymers provided
selective drug delivery in the colon and lowered systemic exposure
compared to a single pH-triggered system. The findings suggest that
the embedment of granules primary coated with both pH-sensitive
and time-dependent release polymers into tablets coated with a pH-
sensitive release polymer may further lessen undesired drug release in
the upper intestine before reaching ileal and/or large intestinal
segments.

While a doubly enteric coating system is effective to reduce systemic
exposure of BD, harmonization of the system with solubilization tech-
nology is expected to yield more profound pharmacological effects of
the poorly water-soluble laxative in the large intestine. The poor aque-
ous solubility of BD in physiological fluids (1.3 yg/ml in water) and the
lack of free fluid present in the large intestine might hamper the phar-
macological effect of BD in the large intestine (Kelm et al., 1997). The
volumes of large intestinal fluid under fasted and fed state were only
1-44 ml and 2-97 ml, respectively, in healthy subjects (Schiller et al.,
2005).

Therefore, the aim of this study was to design a novel doubly enteric-
coated tablet (DET) of solubilized BD for colon targeted delivery. The
premise was that the Eudragits-based double coating system would re-
tard the liberation of the stimulant laxative in the upper intestine, thus
reducing abdominal irritation and/or preferential absorption in small
intestine. Subsequently, the solubilized BD embedded in the tablet
would be rapidly released in the large intestine, providing therapeuti-
cally effective drug concentration and thus, facilitating stool secretion.
To accomplish this, solubilized BD in surfactant was adsorbed onto a po-
rous inorganic carrier and then enteric coated with pH-sensitive poly-
mers (Eudragit S and Eudragit L) and a time-dependent release
polymer (Eudragit RS). Primary coated granules were directly com-
pressed with pharmaceutical excipients and subsequently layered
again with the aforementioned pH-sensitive polymers. The effect of pri-
mary and secondary coating processes on the release profile of BD from
the DETs was assessed in a continuous dissolution medium. Subse-
quently, pharmacokinetic and pharmacological aspects of the optimized
DET system were comparatively evaluated with the marketed product
(Dulcolax®) in loperamide-induced constipated rabbits.

2. Materials and Methods
2.1. Materials

Drug powder (purity over 99%) was purchased from Dishman
(Ahmedabad, India). Polyoxyethylene, polyoxypropylene block poly-
mer (poloxamer 188 and 407), polyvinyl pyrrolidone (PVP K30), hy-
droxypropyl cellulose (HPC EXF), Solutol HS15, and crospovidone
(Kollidon CL) were supplied from BASF Chemicals Co. (Florham, NJ,
USA). Labrasol and Capmul MCM were obtained from Gattefosse
(Saint Priest, France) and Abitec (Columbus, OH, USA), respectively. Mi-
crocrystalline cellulose granules (MCC, Avicel PH102) were kindly pro-
vided by FMC Biopolymer (Philadelphia, PN, USA). Eudragit S, Eudragit
L, Eudragit RS, and fumed silica with a specific surface area of
200 m?/g (Aerosil 200) were purchased from Evonik Industries
(Essen, Germany). Docusate sodium, mannitol, talc, and magnesium
stearate were obtained from Hwawon Pharm. Co., Ltd (Seoul, Korea).
BMPM (-p-glucuronide was obtained from TRC (Toronto Research
Chemicals, Toronto, Canada). Aminobenzophenone (98%), the internal
standard (IS) for liquid chromatography-tandem mass spectrometry
(LC-MS/MS) analysis, ammonium acetate, formic acid, triethyl citrate
(TEC), hydroxypropyl-p-cyclodextrin (HP-3-CD) and loperamide were
purchased from Sigma Aldrich Co. (St. Louis, MO, USA). Acetonitrile
for high-performance liquid chromatography (HPLC) was purchased
from Burdick & Jackson (Muskegon, MI, USA). Ultrapure water was pro-
duced using a Milli-Q system (Millipore, Bedford, MA, USA). All other
chemicals were of reagent grade and were used without further
purification.

2.2. Equilibrium Drug Solubility in Different Solubilizing Agents

An excess amount of drug (500 mg) was added to different kinds of
vehicle (20 ml) in a scintillation vial. When the excipient was solid state
at room temperature, the excipient was dissolved in distilled water
(0.2% w/v) for solubility testing. Drug suspensions were sonicated for
30 min and then shaken at 37 °C for 3 days using a shaking incubator.
The samples were centrifuged at 13,000 rpm for 10 min and the super-
natant was appropriately diluted with an acetone and ethanol mixture
(1:1 v/v). The concentration of BD in the sample was analyzed using a
Dionex HPLC system (Model 3000RS pump, Model 3000RS auto sam-
pler, Model 3000RS UV detector) equipped with a 3.9 mm x 300 mm
ODS column. The mobile phase consisted of 0.005 mol/
tetrabutylammonium phosphate solution, acetonitrile, and methanol,
at a volume ratio of 26:23:1. The flow rate was 1.0 ml/min, and the elu-
ent was monitored at 214 nm.

2.3. Preparation of BD-loaded DETs

BD-loaded DETs were prepared by adsorption of solubilized drug in
the porous material, enteric-coating of the BD-loaded granules, direct
compression of granules with excipients, and enteric coating of the tab-
let dosage form. Tables 1 and 2 presents the compositions of enteric-

Table 1
Compositions (mg) of EGs of BD.
EG1 EG2 EG3 EG4 EG5 EG6 EG7 EG8 EG9 EG10

Bare granules® 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0
Eudragit S 22.0 - - 17.5 13.2 11.0 2.32 4.9 6.3 7.8
Eudragit L - 220 - 4.5 33 22 0.5 1.0 13 1.6
Eudragit RS - - 22.0 - 55 8.8 1.9 39 5.0 6.2
TEC 2.2 22 2.2 2.2 22 22 2.2 22 22 22
Talc 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Total 110.2 110.2 110.2 110.2 110.2 110.2 92.84 98.0 100.8 103.8

¢ Consisted of 5 mg of BD, 8 mg of docusate sodium, 15 mg of Labrasol, 5 mg of poloxamer 407, 18.5 mg of Aerosil 200, 6 mg of PVP K30, 22.5 mg of mannitol bead, and 5 mg of

Kollidon CL.
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