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The purpose of this study was to develop and evaluate a colon-specific, pulsatile drug delivery
system, which consists of an impermeable capsule body filled with a 5-aminosalicylic acid
rapid-disintegrating tablet and a pectin-based erodible plug placed in the opening of the cap-
sule body. To obtain an appropriate gel-forming ability and suitable lag time for the colon-spe-
cific drug delivery, high-methoxy pectin (HM-pectin) was formulated with lactose and low-
methoxy pectin (LM-pectin) with HPMC to prepare the plug tablet. In order to evaluate the
lag time, prior to the rapid drug release, both the formulation of the plug tablet and in vitro
release medium were studied. The lag time prior to the rapid drug release was mainly deter-
mined by the HM-pectin/lactose or LM-pectin/HPMC ratio. The addition of pectinase or rat
cecal content into the release medium shortened the lag time significantly, which predicted
the probable enzyme sensitivity of pectin plug tablet. In vivo studies showed that the plasma
concentration of drug can only be detected 6h after oral administration of the pulsatile cap-
sule, which indirectly proved the colon-specific characteristics. These results show that the
pulsatile capsule may have the therapeutic action for colon-specific drug delivery. 
Key words: Pectin, Colon-specific, Drug delivery, 5-Aminosalicylic acid, Pulsatile drug
release, Capsule

INTRODUCTION

Colon-specific drug delivery system has the potential
to deliver bioactive agents for the treatment of a
variety of colonic diseases, including Crohn’s disease
and ulcerative colitis (McConnell et al., 2009).

Colon-specific drug delivery system has been attempt-
ed by several different approaches, include utilizing
pH changes in the gastrointestinal region (Khan et al.,
2000; Gupta et al., 2001), designing a system that releases
the drug at a predetermined time after administration
(Jones, 1996; Peerapattana et al., 2004; Gazzaniga et
al., 2006) and the use of carriers degraded by bacteria,

essentially located in the colon (Fan et al., 2008;
Freire et al., 2010; Sriamornsak, 2011). Among them,
there appears more interest in microbially triggered
systems because the abrupt increase of the bacterial
population and associated enzyme activity in the colon
represents a non-continuous event, which is unrelated
with GI transit time.

Pectin has been receiving considerable attention in
drug delivery systems because it is non-toxic, biode-
gradable and easily available (Kumar and Mishra,
2008). Pectin is a structural plant polysaccharide and
consists of galactopyranosyluronic units, partially
esterified with methanol. The degree of esterification
(DE), which is expressed as a percentage of carboxyl
groups (esterified), is an imperative means to classify
pectin. As a function of DE, pectin can be classified as
High-methoxy pectin (HM-pectin) or Low-methoxy pectin
(LM-pectin), according to whether the DE is higher or
lower than 50%, respectively. Also, pectin is resistant
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to proteases and amylases, which are active in the
upper GI tract, whereas, they are digested by a large
number of microflora of the colon. Due to these pro-
perties, it is highly possible that pectin could function
as a colon-specific drug delivery vehicle (He et al.,
2008; Bigucci et al., 2009; Wong et al., 2011).

5-aminosalicylic acid (5-ASA) is an anti-inflammatory
agent for the treatment of inflammatory bowel disease
(IBD), especially for Crohn’s disease and ulcerative
colitis. IBD is a localized inflammation of the small and
large intestine (Pertuit et al., 2007). However, 5-ASA
was absorbed rapidly and completely through the
upper intestine, when administered conventionally,
which not only reduced the dose reached to the colon,
but also produced some side effects (Friend, 2005). There-
fore, 5-ASA was chosen as a model drug for colon-specific
delivery in this work.

A Time-dependent pulsatile capsular drug delivery
system has been developed by Krogel and Bodmeier
(1998, 1999a, 1999b). The pulsatile system consisted
of an insoluble capsule body, filled with drug and an
erodible plug tablet placed in the opening of the capsule
body. The plug was mainly composed of pectin and
pectinase in different ratios. The lag times were mainly
determined by the pectin/pectinase ratio of the plug
tablet.

Yehia et al. (2011) prepared Eudragit S100 spray-
coated capsules and pulsatile systems for colon target
drug delivery, using tablet plugs of pectin. But the differ-
ence between HM-pectin and LM-pectin was not taken
into account.

A new time-dependent and microflora-triggered pul-
satile capsule for the purpose of colon-specific drug de-
livery was developed in this paper. HM-pectin and
LM-pectin were chosen as the main ingredient of plug
tablet, and were combined with HPMC or lactose to
achieve a suitable lag time for colon-specific, pulsatile
drug delivery. The lag time can be controlled by vary-
ing the properties of the plug tablet. The effects of vari-
ous parameters were investigated in order to optimize
the lag time, suitable for colonic drug delivery. The
release behavior of the pulsatile capsule in beagle
dogs was also evaluated.

MATERIALS AND METHODS

Materials
The following materials were obtained from commer-

cial suppliers, and were used as received: 5-aminosali-
cylic acid (5-ASA, Wuhan Yuancheng Science and Tech-
nology Development Co., Ltd), hydroxypropyl methyl-
cellulose (HPMC, K4M grade, Colorcon Co., Ltd), low-
methoxy pectin with degree of esterification (DE) of

20% LM-pectin (Quzhou Pectin Co., Ltd), high-methoxy
pectin with degree of esterification (DE) of 65% (HM-
pectin, Quzhou pectin Co., Ltd), pectinase (Tianjin Lihua
Enzyme Preparation Technology Co., Ltd), ethyl cellulose
(Ethocel, Colorcon Co., Ltd), lactose (Meggle Granulac®

200, Spherolac®200, Meggle), microcrystalline cellulose
(PH-101, FMC), sodium carboxymethyl starch, and
magnesium stearate (Anhui Shanhe Pharmaceutical
Excipients Co., Ltd). All other reagents were of analyti-
cal grade.

Preparation of impermeable capsule bodies
The bodies and caps of gelatin capsules (size #0) were

separated manually. By the means of the filling method,
gelatin capsules were made into impermeable capsule
bodies. One hundred and fifteen g/L of ethyl cellulose
(EC) solution in a mixture of ethyl acetate, dichlorome-
thane and ethanol (4:0.8:0.2) was prepared before filling
into the capsule body, then the capsule bodies placed
in a self-made board were placed in the refrigerator at
4oC overnight, in order to evaporate the solvent. Finally,
the impermeable capsule bodies (Fig. 1A) were formed
after soaking the capsules in water for 15 min.

Preparation of plug tablet
Direct compression of plug tablets formulations con-

sisted of HM-pectin, LM-pectin, HPMC or lactose. All
materials (HM-pectin and lactose, LM-pectin and HPMC
in different ratios, in all cases also 20% KH2PO4 and
10% Na-EDTA) were sieved through a 180 µm sieve
and mixed in mortar for 10 min. After the addition of
1% magnesium stearate, each blend was mixed for 5

Fig. 1. (A) Self-made impermeable capsule body and (B)
Configuration of pectin-based colon-specific pulsatile capsule.
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min. The resultant blends were tableted to 100 mg,
using 6.0 mm shallow-concaved punches with a single
punch tablet press (Shanghai Yuandong Pharmaceuti-
cal Machinery Factory).

Preparation of 5-ASA rapid-disintegrating tab-
lets

The rapid-disintegrating tablets containing 5-ASA
(40%, w/w, main drug), microcrystalline cellulose (MCC,
20%, w/w, diluents), lactose (24%, w/w, diluents) and
sodium carboxymethyl starch (CMS-Na, 15%, w/w, dis-
integrants) were prepared by wet granulation. All mate-
rials were passed through a 180 µm sieve, and 30%
ethanol solution was used as the wetting agent, which
was added to the blend slowly to prepare wet granules.
The resultant granules were spread evenly on a tray
and dried at 55oC for 30 min, before adding 1% magne-
sium stearate (lubricants), followed by further mixing.
The final blends were passed through a 1.25 mm sieve
and tableted to 250 mg, using a 5 N force with 6.0 mm
shallow-concaved punches, using a single punch tablet
press (Shanghai yuandong Pharmaceutical Machinery
Factory).

Assembly of pulsatile capsule
Assembly of the pulsatile capsule device proceeded

as follows (Fig. 1B): 5% PVP solution was used as adhe-
sive and added to lactose (Spherolac®200) to prepare
wet granules. The wet granules were evenly spread on
a tray, which were then dried at 50oC for 30 min and
passed through 1.25 mm sieve. The resultant blank lac-
tose granules were put into the bottom of the capsule
and the rapid-disintegrating tablet was placed on top
of the lactose granules. The plug tablet was inserted
into the mouth of the capsule and positioned flush with
the end of the impermeable body. The capsule body
was closed with an enteric cap, and the joint of the
capsule body was sealed with a small amount of 8% EC
solution. It was important to keep a distance between
the plug tablet and the rapid-disintegrating tablet;
otherwise, the reproducibility of the lag time and the
rapidly drug release in dissolution testing would be
significantly affected.

In vitro dissolution testing
In order to evaluate the colon-specific characteristics

of the pulsatile capsule, HCl solution (0.1 M, pH 1.2),
phosphate buffer solution (pH 6.8, PBS 6.8), citrate
buffer solution (containing 0.5% pectinase, pH 5.0),
and rat cecal content medium (pH 7.4) were used in
the in vitro dissolution test. The dissolution testing of
pulsatile capsule delivery system was carried out, using
a water bath oscillator (SHZ-88, Jiangshu Taichang

Co., Ltd), at 37 ± 0.5oC. The capsule bodies were im-
mersed at the bottom of 200 mL flask. Samples were
withdrawn at the predetermined time points. The
amount of 5-ASA release in the 0.1 M HCl solution,
PBS 6.8 and pH 5.0 citrate buffer (containing 0.5%
pectinase), were analyzed with an UV-visible spectro-
photometer (UV-3150, Shimazu). The wavelength for
measuring the absorbance is 303 nm for 0.1 mol·L−1

HCl, 330 nm for PBS 6.8, and 298 nm for pH 5.0 cit-
rate buffer (containing 0.5% pectinase). Given that
spectrophotometric determination would probably
detect the degraded pectin plug, the absorbance of 5-
ASA loaded pulsatile capsule in the release medium
was measured against that of the blank pulsatile cap-
sules, which correspond to each formulation. The amount
of 5-ASA released in the rat cecal content was deter-
mined by a high-performance liquid chromatography
(HPLC, Shimadzu) with UV detection (240 nm), using
an ODS column (Hypersil C18 200 mm × 4.6 mm, 5 µm,
Elite) with pH 6.6 phosphate buffer solution (contain-
ing 0.01 M tetrabutyl ammonium bromide)-methanol
(75:25, v/v) as the mobile phase (flow rate 1.0 mL/min).
Intra- and inter-day precision and accuracy are within
the acceptable range, which demonstrated that the
method is accurate and precise.

Preparation of rat cecal content medium
The simulated colonic solution for rat cecal content

consisted of 20 mM Na2HPO4·12 H2O, 10 mM NaHCO3,
6 mM KCl, 8 mM NaCl, 0.4 mM MgCl2·6 H2O, and 0.5
mM CaCl2·2H2O in 1000 mL of water, and was stored
in a refrigerator (Tozaki et al., 1997).

Sprague-Dawley rats (250 ± 20 g) were supplied by
the Laboratory Animal Center of Chongqing Medical
University. Four male and female Sprague-Dawley rats,
with weight ranging from 200 g to 250 g, were fed with
2% pectin solution 1 mL/d, through the approach micro-
bial enzymes in vivo were activated. A week later, the
rats were killed by an excessive injection of sodium
pentobarbital. Then the abdomens of the rats were open-
ed and the cecal were ligated at both ends. Immediately,
the rat cecal content was suspended in the simulated
colonic solution, as described above, and continuously
passed nitrogen into the mixture to maintain anaerobic
conditions. Finally, the rat cecal content medium was
diluted to 5% (w/v) and stored in the refrigerator for
dissolution testing (Gliko-Kabir et al., 2000; Zhang
and Neau, 2002).

Drug administration
The Chongqing Medical University Animal Ethical

Experimentation Committee, according to the require-
ments of the National Act on the Use of Experimental
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Animals, approved all procedures of the in vivo studies.
Healthy beagle dogs (12 ± 1 kg), were purchased from
Gaoyao Kangda Experimental Animal Technology
Co., Ltd. The animals were kept in an environmental-
ly controlled breeding room for one week before the
start of the experiments. They were fed a standard labo-
ratory chow with water, and they fasted overnight
before the experiment.

Beagle dogs received a single oral dose of the pulsa-
tile capsule (the plug tablet weight 100 mg, HM-pectin
:Lactose = 4:6, w/w) with 200 mL of water. The dogs
were fed at 6 h post-dosing and water were available
ad libitum from 2 h post-dosing onwards. Approxima-
tely, 4 mL blood samples were collected in heparinized
tubes, using an indwelling cannula at 0, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, and 24 h after administration of the test
capsules. The blood samples were centrifuged at 3000
rpm for 10 min, and the plasma was separated and
kept frozen at 20oC.

Preparation of plasma samples
0.2 mL plasma was mixed with 10 µL propanoic an-

hydride, and then, vortexed for 30 min. The resulting
sample was mixed with 0.8 mL methanol and vortex-
ed for 3 min. The denatured protein precipitate was
separated by centrifugation, 12000 rpm for 10 min. The
supernatant was then evaporated to dryness below
40oC in a vacuum and was dissolved in 40 µL of the
mobile phase. Further, 20 µL of this sample solution
was injected onto the HPLC for analysis. The same pro-
cedure was used to determine the recovery and preci-
sion in plasma.

HPLC chromatographic conditions for in vivo
determination of drug

The Shimadzu LC-2010A HPLC system (Shimadzu)
was used in the drug analysis. Chromatography was
carried out on an ODS column (Hypersil C18 200 mm
× 4.6 mm, 5 µm, Elite). The mobile phase consisted of
0.1 M acetic acid-methanol-triethylamine (500:167:1,
v/v/v), and the flow rate was 1.0 mL/min. Detection was
performed at a wavelength of 311 nm under a constant
temperature of 35oC.

Pharmacokinetic analysis
The peak plasma of drug concentration (Cmax) and

the time to reach peak concentration (Tmax) were ob-
tained from the graph. The area under the plasma con-
centration versus time curve (AUC0→t) was calculated
by the linear trapezoidal rule, from 0 to the last time
point.

RESULTS AND DISCUSSION

Impermeable capsule bodies
Impermeable capsule body was prepared with ethyl

cellulose (EC) by the filling method. With the optimized
formulation, the impermeable capsule body was trans-
parent, opening round, well hardness and tenacity.
The weight of the impermeable capsule bodies were
77.66 ± 0.58 mg (n = 5). The impermeability of self-
made impermeable capsule bodies were tested in the
release medium, including 0.1 mol·L−1 HCl solution
(pH 1.2), phosphate buffer solution (pH 6.8), citrate
buffer (pH 5.0), acetic acid-sodium acetate buffer (pH
6.0) and the rat cecal content medium (pH 7.4). The
results of permeability validation tests showed that
the capsule body remained impermeable for 72 h.
Therefore, the lag time prior to the rapid drug release
was only determined by the formulation of the plug
tablet, which ensured the reproducible lag time of the
pulsatile capsule.

Rapid-disintegrating tablets
In pulsatile capsule, prepared by Yehia et al. (2011),

drugs were directly filled into the Eudragit S100 spray-
coated capsules bodies with lactose, which might lead
to slow and incomplete drug release. In order to acquire
a rapid drug release in colon after a lag time, 5-ASA
was incorporated into a rapid-disintegrating tablet
which could disintegrate rapidly and release the drug
quickly. Sodium carboxymethyl starch was used as a
disintegrant. The optimized formulation of 5-ASA rapid-
disintegrating tablets could ensure over 95% of drug
release from the impermeable capsule bodies within
45 min after the complete erosion of plug tablet.

Influence of the different formulation of plug
tablet on 5-ASA release from the pulsatile cap-
sule

The LM-pectin can react with calcium ions to form
calcium-pectinate gel, which is insoluble in the gastro-
intestinal tract. The formation of calcium-pectinate
gel led to a poor reproducibility of the lag time of the
pulsatile capsule (data not shown). In addition, Na-
EDTA in the plug tablet could avoid the formation of
calcium pectinate, in order to achieve good reproducibi-
lity of the lag time (Krogel and Bodmeier, 1999). KH2PO4
played the role in maintaining a near constant pH of
microenvironment, which can provide a constant erosion
rate of the plug tablet.

The pulsatile capsule consisted of rapid disintegrat-
ing drug tablet, impermeable capsule body, the plug
tablet and the enteric cap. The capsule body remained
impermeable during the time through the whole gas-
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trointestinal tract. The gastric transit time has been
reported to vary from 15 min to 3 h (Kaus et al., 1984).
When the capsule was swallowed, the enteric cap was
not dissolved in the gastric fluids, until it reached the
small intestine. Therefore, the lag time of the pulsatile
capsule is hardly affected by the gastric transit time.
When capsule reached the small intestine, the enteric
cap quickly dissolved and the plug tablet was exposed
to the intestinal fluid, which slowly eroded in the small
intestine, shortly after. Drug in the capsule could not
be released until the plug tablet was eroded completely.
In order to keep the drug from releasing in the intes-
tine, the erosion time of plug tablet should be greater
than the residence time of capsule in the small intes-
tine. The small intestinal transit time is about 3-4 h,
and is hardly affected by the nature of the formulation

administered (Hinton et al., 1969). So a lag-time of 5 h
is usually considered to be a suitable lag time.

To obtain an appropriate gel-forming ability and
suitable lag time for colon-specific drug delivery, HM-
pectin was formulated with lactose and LM-pectin
with HPMC. Base on a large number of preliminary ex-
periments, formulations of HM-pectin/lactose (2:8, 4:6,
6:4 and 8:2, w/w) or LM-pectin/HPMC (95:5, 90:10, 85:15
and 80:20, w/w) were used to prepare plug tablet (Table
I). The effects of plug composition on the lag time were
shown in Fig. 2 and Fig. 3. Through adjusting the ratio
of HM-pectin/lactose and LM-pectin/HMPC, a pulsatile
drug release with a controllable lag time was achieved
in this work.

The use of HM-pectin alone in the formulation of
plug tablet led to a too long of a lag time because of its
high viscosity. Lactose is a small molecule, which is
easily soluble in water and can accelerate the erosion
of plug tablet. As indicated in Fig. 2, with increased
lactose, the lag time shortened. LM-pectin, due to its

Table I. Formulations of plug tablet

Formulation
Tablet Plug (100mg)

KH2PO4
(mg)

Na-EDTA
(mg)

HM-pectin
(mg)

Lactose
(mg)

LM-pectin
(mg)

HPMC
(mg)

HM-pectin/Lactose = 2:8 20 10 14 56 − −
HM-pectin/Lactose = 4:6 20 10 28 42 − −
HM-pectin/Lactose = 6:4 20 10 42 28 − −
HM-pectin/Lactose = 8:2 20 10 56 14 − −
LM-pectin/HMPC = 95:5 20 10 − − 66.5 3.5
LM-pectin/HMPC = 90:10 20 10 − − 63.0 7.0
LM-pectin/HMPC = 85:15 20 10 − − 59.5 10.5
LM-pectin/HMPC = 80:20 20 10 − − 56.0 14.0

Fig. 2. Influence of the different proportion of HM-pectin/
Lactose on 5-ASA release from pulsatile capsule (n = 3). The
dissolution study was carried out first in 0.1 M HCl for 2 h,
then PBS 6.8 for the rest of time.

Fig. 3. Influence of the different proportion of LM-pectin/
HPMC on 5-ASA release from pulsatile capsule (n = 3). The
dissolution study was carried out first in 0.1 M HCl for 2 h,
then PBS 6.8 for the rest of time.
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weak gel ability, was used with HPMC, which has a
good ability to from gel in order to acquire suitable lag
time. As shown in Fig. 3, with the increased HPMC,
the lag time extended. The plug formulation of HM-
pectin/Lactose (4:6) and LM-pectin/HPMC (95:5) achieved
a lag time of 6 h, which was a little longer than the
suitable lag time for colon-specific drug delivery and
could protect the drug from releasing in the stomach
and small intestine. The lag time over 6 h might lead
to insufficient drug release in colon.

Influence of the different weight of plug tablet
on 5-ASA release from the pulsatile capsule

Plugs tablets of different weight (80, 100, 120 mg),
with a corresponding thickness, were compressed with
the formulation of HM-pectin/Lactose (4:6) or LM-
pectin/HPMC (95:5) and the influence of weight of the
plug tablet on the lag time were determined.

Data shown in Fig. 4 revealed that the lag time prior
to drug release prolonged with the increased weight of
plug tablet because more time was necessary for the
erosion of the thicker gel layer, formed in PBS 6.8.
Further studies demonstrated that the tablet was too
thin and poor shaped with a lower weight of 80 mg,
and it was hard to fit flush with the capsule mouth,
which affected the reproducibility of the lag time seri-
ously; thus, 100 mg was chosen as the favorite weight
for the plug tablet.

Dissolution profiles of the pulsatile capsule in
three kinds of simulated colonic environment

 In order to test the microflora-triggered properties
of pulsatile capsules, the dissolution study was carried
out in three kinds of simulated colonic release medium,
which were represented as follows:

(1) First in 0.1 M HCl for 2 h, then PBS 6.8 for the
remaining time.

(2) First in 0.1 M HCl for 2 h, PBS 6.8 for 3 h, then
placed in rat cecal content release medium.

(3) First in 0.1 M HCl for 2 h, PBS 6.8 for 3 h, then
placed in pH 5.0 citrate buffer, containing 0.5%
pectinase.

Fig. 5 and Fig. 6 showed that the plug tablet had a
good response to the pectinase and the rat cecal con-
tent, and the effect was much more marked with the
pectinase. However, in the absence of pectinase or rat
cecal content, the plug tablet needed more time to erode
in PBS 6.8 and result in a longer lag time, which indi-

Fig. 4. Effect of plug tablets weight on drug release from
pulsatile capsule (x ± s, n = 3) The dissolution study was
carried out first in 0.1 M HCl for 2 h, then PBS 6.8 for the
rest of time.

Fig. 5. Influence of the different release medium on 5-ASA
release from pulsatile capsule (n = 3) (The plug tablet weight
100 mg, LM-pectin:HPMC = 95:5, w/w).

Fig. 6. Influence of the different release medium on 5-ASA
release from pulsatile capsule (n = 3) (The plug tablet weight
100 mg, HM-pectin:Lactose = 4:6, w/w).
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cated the enzymatically-triggered profile for pectin-
containing plug tablet, either HM-pectin or LM-pectin.
It was noted that pectinase played a significant role
on the degradation of pectin gel, which resulted in an
earlier drug release in comparison with that of the rat
cecal content. This suggested that the enzyme contain-
ing these release media exhibited different enzymatic
degradation, which controlled the lag time effectively.
As purified products, pectinase has stronger degradation
ability than the rat cecal content.

Pharmacokinetic analysis
The pulsatile capsule (the plug tablet weight 100

mg, HM-pectin:Lactose = 4:6, w/w) was chosen as the
test capsule to perform the animal study because its
lag time was suitable for the colon-specific drug delivery.

The validated HPLC method was applied to a pharma-
cokinetic study and yielded satisfactory results for
determination of 5-ASA in the plasma samples of a
beagle dog, following a single oral dose of the pulsatile
capsule in three beagle dogs. The mean plasma concen-
tration-time profile of the three beagle dogs is repre-
sented in Fig. 7, and the related pharmacokinetic para-
meters were as follows: AUC0→t was 38.89 µg·h/mL,
Cmax was 7.33 µg/mL and Tmax was 9 h.

From the drug plasma concentration-time curves for
the pulsatile capsule with pectin plug tablet, the drug
concentration can not be detected until 6 h after oral
administration of the capsule, which indirectly proved
the colon-specific characteristics. Meanwhile, the capsule
showed typical pulsatile release profiles with a lag
time followed by a rapid release phase.

In conclusion, an oral drug delivery system, based on
an impermeable capsule and pectin-containing plug
tablet placed in the opening of the capsule body, was
developed to give potential colon-specific and pulsatile

drug release profiles. When the capsule was swallowed,
the enteric cap was not dissolved in the gastric fluids
until it reached the small intestine, exposing the plug
tablet through the bowel movement. Plug tablet will
slowly erode in the small intestine. Drug can not be
released until the plug tablet erodes completely. And
the erosion time of the plug tablet is greater than the
residence time of the capsule in the small intestine, so
the capsule went through the small intestine without
drug release. Pectin cannot be hydrolyzed by digestive
enzymes in the upper gastrointestinal tract, but can
be degraded by the action of microbial enzyme produced
by colonic flora. When the capsule reached the colon,
the plug tablet, which has been partly eroded, quickly
disintegrated by the action of colonic enzyme, and 5-
ASA rapid-disintegrating tablets released the drug at
the colon rapidly. Due to a suitable lag time controlled
by the degradation of gel layer formed by the plug, it
was possible to exhibit the site-specific effect, thus,
reducing the side effects. The test in vitro and in vivo
demonstrated that the drug delivery system can achieve
the initial colon-specific characteristics, and the lag
time was controlled by the plug tablet.

ACKNOWLEDGEMENTS

This project was supported by the Chongqing Yuzhong
District Science and Technology Project (No. 20100203),
Chongqing Municipal Education Commission-funded
project (KJ110323), Chongqing Board of Health Project
(2010-2-202) and Chongqing Natural Science Founda-
tion (No. CSTC, 2008BB5397).

REFERENCES

Bigucci, F., Luppi, B., Monaco, L., Cerchiara, T., and Zecchi,
V., Pectin-based microspheres for colon-specific delivery
of vancomycin. J. Pharm. Pharmacol., 61, 41-46 (2009).

Fan, L. F., He, W., Bai, M., Du, Q., Xiang, B., Chang, Y. Z.,
and Cao, D. Y., Biphasic drug release: permeability and
swelling of pectin/ethylcellulose films, and in vitro and in
vivo correlation of film-coated pellets in dogs. Chem.
Pharm. Bull. (Tokyo), 56, 1118-1125 (2008).

Freire, C., Podczeck, F., Veiga, F., and Sousa, J., Influence of
the coating formulation on enzymatic digestibility and
drug release from 5-aminosalicylic acid pellets coated with
mixtures of high-amylose starch and Surelease intended
for colon-specific drug delivery. Drug Dev. Ind. Pharm.,
36, 161-172 (2010).

Friend, D. R., New oral delivery systems for treatment of in-
flammatory bowel disease. Adv. Drug Deliv. Rev., 57, 247-
265 (2005).

Gazzaniga, A., Maroni, A., Sangalli, M. E., and Zema, L.,
Time-controlled oral delivery systems for colon targeting.

Fig. 7. Plasma drug concentration-time profiles of 3 beagle
dogs after administration of 5-ASA pulsatile capsule (The
plug tablet weight 100 mg, HM-pectin:Lactose = 4:6, w/w).



1934 J. Liu et al.

Expert Opin. Drug Deliv., 3583-3597 (2006).
Gliko-Kabir, I., Yagen, B., Baluom, M., and Rubinstein, A.,

Phosphated crosslinked guar for colon-specific drug delivery.
II. In vitro and in vivo evaluation in the rat. J. Control.
Release, 63, 129-134 (2000).

Gupta, V. K., Beckert, T. E., and Price, J. C., A novel pH- and
time-based multi-unit potential colonic drug delivery
system. I. Development. Int. J. Pharm., 213, 83-91 (2001).

He, W., Qing, D., Cao, D. Y., Fan, L. F., and Xiang, B., Selective
drug delivery to the colon using pectin-coated pellets.
PDA J. Pharm. Sci. Technol., 62, 264-272 (2008).

Hinton, J. M., Lennard-Jonnes, J. E., and Young, A. C., A
new method for studying gut transit times using radioo-
paque markers. Gut, 10, 842-847 (1969).

Jones, S. P., Preparation and evaluation of a time-controlled
release capsule made of ethylcellulose for colon delivery of
drugs. J. Drug Target, 3477-3478 (1996).

Kaus, L. C., Fell, J. T., Sharma, H., and Taylor, D. C., The
intestinal transit of a single non-disintegrating object. Int.
J. Pharm., 14, 143-148 (1984)

Khan, M. Z., Stedul, H. P., and Kurjakovic, N., A pH-depend-
ent colon-targeted oral drug delivery system using metha-
crylic acid copolymers. II. Manipulation of drug release
using Eudragit L100 and Eudragit S100 combinations.
Drug Dev. Ind. Pharm., 26, 549-554 (2000).

Krogel, I. and Bodmeier, R., Pulsatile drug release from an
insoluble capsule body controlled by an erodible plug.
Pharm. Res., 15, 474-481 (1998).

Krogel, I. and Bodmeier, R., Development of a multifunctional
matrix drug delivery system surrounded by an impermeable
cylinder. J. Control. Release, 61, 43-50 (1999a).

Krogel, I. and Bodmeier, R., Evaluation of an enzyme-contain-

ing capsular shaped pulsatile drug delivery system. Pharm.
Res., 16, 1424-1429 (1999b).

Kumar, P. and Mishra, B., Colon targeted drug delivery
systems--an overview. Curr. Drug Deliv., 5, 186-198 (2008).

McConnell, E. L., Liu, F., and Basit, A. W., Colonic treatments
and targets: issues and opportunities. J. Drug Target, 17,
335-363 (2009).

Peerapattana, J., Otsuka, K., and Otsuka, M., Time-controlled
pulse-drug release from dry-coated wax matrix tablets for
colon drug delivery. Biomed. Mater. Eng., 14, 293-301 (2004).

Pertuit, D., Moulari, B., Betz, T., Nadaradjane, A., Neumann,
D., Ismaili, L., Refouvelet, B., Pellequer, Y., and Lamprecht,
A., 5-amino salicylic acid bound nanoparticles for the
therapy of inflammatory bowel disease. J. Control. Release,
123, 211-218 (2007).

Sriamornsak, P., Application of pectin in oral drug delivery.
Expert Opin. Drug Deliv., 8, 1009-1023 (2011).

Tozaki, H., Emi, Y., Horisaka, E., Fujita, T., Yamamoto, A.,
and Muranishi, S., Degradation of insulin and calcitonin
and their protection by various protease inhibitors in rat
caecal contents: implications in peptide delivery to the
colon. J. Pharm. Pharmacol., 49, 164-168 (1997).

Wong, T. W., Colombo, G., and Sonvico, F., Pectin matrix as
oral drug delivery vehicle for colon cancer treatment.
AAPS PharmSciTech, 12, 201-214 (2011).

Yehia, S. A., Elshafeey, A. H., and Elsayed, I., Pulsatile systems
for colon targeting of budesonide: In vitro and in vivo
evaluation. Drug Deliv., 18, 620-630 (2011)

Zhang, H. and Neau, S. H., In vitro degradation of chitosan
by bacterial enzymes from rat cecal and colonic contents.
Biomaterials, 23, 2761-2766 (2002).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


