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a  b  s  t  r  a  c  t

In  the  present  investigation,  guar  gum  microspheres  containing  mebeverine  hydrochloride  were  prepared
and characterized  for  local  drug  release  in  colon.  Formulation  variables  studied  include  guar  gum  concen-
tration,  drug  to  polymer  ratio,  concentration  of emulsifier,  amount  of  cross  linking  agent,  rotational  speed
and cross  linking  time.  In  vitro  studies  of  microspheres  depict  a premature  release  of  drug  in  the  stomach
and small  intestine.  As  enteric  coating  of  microspheres  is  difficult  to  achieve,  they  were  compressed  to
tablets.  Drug  release  studies  and  surface  morphological  characteristics  of  tableted  microspheres  revealed
eywords:
ableted microspheres
olon specific delivery
olysaccharide
icroflora

that  the  microspheres  remained  intact  during  the  compression  process.  In  vivo  roentgenographic  eval-
uation  in  rabbits  revealed  that  the  system  remained  intact  until  it reached  to  the  lower  part  of  the
gastrointestinal  tract,  where  microspheres  were  dispersed  after  the  dissolution  of  the  enteric  coat,  thus,
revealing  the  potential  of  developed  system  for colonic  targeting.
rritable bowel syndrome
oentgenography

. Introduction

Colon targeted drug delivery systems (CoDDS) have attracted a
onsiderable interest in recent years for the treatment of systemic
angina pectoris, nocturnal asthma, rheumatoid arthritis, etc.) as
ell as local disease (inflammatory bowel disease, colorectal can-

er, irritable bowel syndrome (IBS), infectious disease, etc.). Over
he last few years, various different approaches have been reported
o achieve CoDDS viz., pH dependent, time dependent, microflora
r enzyme activated system and pressure controlled based sys-
ems (Patel, Shah, & Amin, 2007). It has been reported that the
ystem coated with pH dependent polymer lacks site specificity
or drug release in the colon, and may  either lead to a premature
elease of drug in the small intestine or no drug release in the colon
Ashford, Fell, Attwood, Sharma, & Woodhead, 1993; Ashford, Fell,
ttwood, & Woodhead, 1993; McConnell, Short, & Basit, 2008). For

ime dependent systems, the location of initial drug release pre-
ominantly depends on the transit times of the gastrointestinal
ract (GIT). Though the transit time of small intestine is relatively
onstant (3–4 h) (Davis, Hardy, & Fara, 1986), a large variation in

he gastric emptying time was observed which may  lead to either a
remature release of drug in small intestine or a delayed release far
own in the colon (Lee, Wilson, & Mukherji, 2003; Matsuda et al.,
996).

∗ Corresponding author. Tel.: +91 2717 241900/01/02/03/04;
ax: +91 2717 241916.
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144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.04.068
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A more precise and accurate strategy for targeting drugs to
the colon uses the ecosystem of the specific microflora present
in the large intestine i.e. microbially triggered CoDDS. Natural
polysaccharides are the most promising and commonly explored
carriers for CoDDS which are specifically hydrolyzed by the colonic
microflora. Unfortunately, as most of the natural polysaccharides
are highly hydrophilic, there is a difficulty in controlling release
of drug from these materials (Ji, Xu, & Wu,  2007). Polysaccha-
ride based matrix tablets were prepared by many researchers
(Krishnaiah, Veer Raju, Dinesh, Bhaskar, & Satyanarayana, 2001;
Tugcu-Demiroz, Acarturk, Takka, & Konus-Boyunaga, 2004). The
main drawback of this system is the undesired premature release
of the drug in the gastric and small intestinal regions, which is
unfavorable when a strict rate controlling for colonic delivery is
required. Compression coated tablet systems, using polysaccha-
ride were also proposed (Krishnaiah, Styanarayana, DineshKumar,
& Karthikeyan, 2002; Krishnaiah, Styanarayana, & Rama Prasad,
1998; Turkoglu & Ugurlu, 2002; Ugurlu, Turkoglu, Gurer, & Akarsu,
2007). These systems were able to protect the drug release until
they reach the colon, but the major drawback associated with it
was  the special tableting equipment, centering of the core tablet
and high amount of compression material required. Also microbial
degradation of these system takes place more slowly due to the
compactness of the outer coating (Krishnaiah, Styanarayana et al.,
2002; Krishnaiah et al., 1998), which is disadvantageous for dis-

eases affecting the proximal colon. Hence in order to target the
drug specifically to the colon and to overcome the drawback of pH
dependent and microbially triggered system, a novel approach of
using combination of both pH dependent (prevent the premature

dx.doi.org/10.1016/j.carbpol.2011.04.068
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:drmayurmpatel@gmail.com
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Fig. 1. Schematic diagram representing

elease of drug in the upper part of GIT) and microbially triggered
ystem (ensures site specific release of drug in the colon) was
mployed.

IBS is one of the most commonly encountered gastrointesti-
al disorders, consisting of abdominal pain and an erratic bowel
abit (Drossman et al., 1990). Mebeverine hydrochloride (MBH) is a
mooth muscle relaxant which has long been used to treat patients
ith IBS (Washington et al., 1998). The aim of the present investiga-

ion was to develop a multiparticulate system for localized delivery
f MBH  for the treatment of IBS. Multiparticulate system was  cho-
en since it offers slower rate of passage through the colon and its
igher surface area is advantageous for microbially triggered drug
elease and for local treatment in colon. MBH  is readily absorbed
rom the GIT, and its release should be protected till it reaches to
he lower part of GIT. It is also reported that when MBH  is delivered
ocally to the lumen of the lower GIT, it provides greater antispas-

odic activity compared to that achieved with normal per-oral
oses of MBH, which gets absorbed into the systemic circulation
rom the upper GIT, leading to undesirable side effects (Gary &
ames, 1990). Thus the objective of the present invention is to delay
he release of MBH  from the dosage form in the upper GIT and to
chieve drug release in the colonic region.

Guar gum, a polysaccharide was used for the preparation
f microspheres. Coating of multiparticulate systems i.e. micro-
pheres with enteric polymers has been reported by many
esearchers at a core to coat ratio of 1:5 or 1:10 (Chourasia &
ain, 2004a; Lorenzo-Lamosa, Remunan-Lopez, Vila-Jato, & Alonso,
998; Paharia et al., 2007). Though enteric coating can be achieved,
his approach seems to be difficult to apply in scale-up, when a
arger batch size is to be coated. Also during the enteric coating
rocess of microspheres, there are chances of leaching of drug
ispersed in the microspheres into the organic solvent system in
hich the enteric polymer is dissolved, which ultimately leads to

eduction in the drug content of the microspheres (Krishnamachari,
adan, & Lin, 2007). It is also difficult to achieve reproducible
esults, wherever coating of microspheres is involved. Considering
he advantages provided by the tablet type of dosage form (high
eproducibility and industrial applicability), an attempt was  made
o prepare tablets from the guar gum microspheres. The enteric
ation and performance of MBH  CoDDS.

coat on the tablet will protect the microspheres in the upper part
of GIT and thus prevent the premature release of the drug. As soon
as the enteric coat dissolves, the tablet will get disintegrated and
the microspheres will get dispersed into the lower part of the GIT
(where the drug is released due to degradation of guar gum by
colonic microflora) (Fig. 1).

2. Experimental

2.1. Materials

Mebeverine hydrochloride was  obtained as a gift sample from
Zydus Cadila, Ahmedabad, India. Eudragit® S100 was received as a
gift sample from Evonik Röhm GmbH, Darmstadt, Germany. Guar
gum, Span® 80, Tween® 80 and glutaraldehyde were purchased
from Central Drug House Pvt. Ltd., New Delhi, India. Other excipi-
ents used were of standard pharmaceutical grade and all chemicals
and reagents used were of analytical reagent grade and were used
without any further purification.

2.2. Preparation of guar gum microspheres

The microspheres of the polysaccharide, guar gum were pre-
pared by the emulsification method (Chourasia & Jain, 2004b).
Guar gum dispersion (4%, w/v) was prepared by mixing guar gum
with Tween® 80 (0.2%, w/w)  using distilled water followed by
the addition of drug solution (therapeutic dose of MBH  is 135 mg,
and 20 such doses were used during preparation). Concentrated
hydrochloride acid (0.2 ml)  was  added and the aqueous disper-
sion was  poured into castor oil (200 ml)  containing Span® 80 (5%,
w/w),  kept at 60 ◦C. The system was kept under agitation using
three blade propeller stirrer at 4000 rpm for 10 min. Glutaraldehyde
(2 ml)  was then added and stirring was continued for 1 h. The micro-

spheres were collected by vacuum filtration and then washed with
several fractions of petroleum ether to remove traces of oil. The
final formulation was a free-flowing powder consisting of spherical
micronized particles.
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Table 1
Composition of tableted microspheres.

Batch TM1  Batch TM2  Batch TM3

Ingredientsa (%, w/w)
MBH  guar gum Microspheres 44.37 44.37 44.37
Avicel® PH 301 51.12 48.12 46.12
Polyvinyl pyrollidone (K30) – 3 5
Tablet evaluation parameters
Average thickness (mm)  ± SD 6.5 ± 0.03 6.6 ± 0.02 6.6 ± 0.03
Average weight (mg) ± SD 797 ± 2 803 ± 2 801 ± 4
Friability (%) 0.83 0.53 0.31
Average hardness (kg/cm2) ± SD 3.6 ± 0.4 4.3 ± 0.4 5.8 ± 0.6
Drug content (%) ± SD 102.71 ± 0.12 98.53 ± 0.53 101.45 ± 0.42
Average disintegration 58 ± 3 s 1 min, 33 ± 5 s 2 min, 11 ± 3 s

a Amount of cross polyvinyl pyrollidone, magnesium stearate and aerosil in all
38 M.M. Patel, A.F. Amin / Carboh

Various formulation and process variables that affect the prepa-
ation and properties of the microspheres were identified and
ptimized to get discrete, uniform and spherical microspheres.

.3. In vitro characterization of microspheres

.3.1. Determination of particle size, shape and surface
orphology

The particle size of the cross linked guar gum microspheres
as determined by optical microscopy using calibrated ocular

ye-piece. The shape and surface morphology of the guar gum
icrospheres and tableted microspheres was characterized using

canning electron microscope (Philips, XL30 ESEM with EDAX
odel, Netherlands). Small amounts of microspheres were spread

n double adhesive tape which was kept on a stub. The stub con-
aining sample was then placed in the microscope chamber. The
canning electron photomicrographs were taken at the acceleration
oltage of 30 kV at chamber pressure of 0.7 torr.

.3.2. Determination of drug loading and percentage entrapment
fficiency

The amount of drug loaded in the microspheres was determined
s follows: The guar gum microspheres were first crushed using

 glass mortar pestle. An accurately weighed amount (100 mg)  of
owdered microspheres was dispersed in 100 ml  of pH 6.4 phos-
hate buffer. The resultant dispersion was exposed to ultrasonic
reatment for 30 min. The ultrasonic treatment was repeated three
imes with a resting period of 15 min  between the treatments. The
ample was then shaken for 48 h at room temperature using a
haker bath. After centrifugation (2000 rpm for 15 min), the super-
atant was diluted appropriately with pH 6.4 phosphate buffer
nd analyzed for concentration of MBH  using UV absorption spec-
roscopy at 263 nm.  The drug loading was determined for each
atch in triplicate.

The drug loading and percentage entrapment efficiency (PEE)
ere calculated using following equation:

rug loading (%) =
(

wt. of drug in microspheres
wt. of microspheres

)
× 100 (1)

EE =
(

drug present in the final formulation
amount of drug added

)
× 100 (2)

.3.3. Differential scanning calorimetry
Differential scanning calorimetry (DSC) curves were recorded

sing a scanning calorimeter equipped with a thermal analysis
ata system (DSC 60 Schimadzu, Asia Pacific, Japan). Samples were
eated in a sealed aluminium pan from 50 to 300 ◦C at a scanning
ate of 20 ◦C/min, with an empty aluminium pan as reference.

.4. Tableting of the guar gum microspheres

The optimized guar gum microspheres were compressed into
ablets using microcrystalline cellulose (Avicel® PH 301) as a dilu-
nt. Polyvinyl pyrollidone (PVP) and cross linked PVP was used as
inder and disintegrating agent respectively. Magnesium stearate
as used as a lubricant and aerosil as flow promoter. Composi-

ion of the tableted microspheres (Batches TM1–TM3) is shown in
able 1. All the ingredients were mixed in the required amount and
he tablets were compressed as per direct compression technique

sing Rotary tablet machine (Rimek, Ahmedabad, India), equipped
ith 13 mm concave punch. Average weight of tablets was 800 mg.

ablets were evaluated for thickness, weight variation, hardness,
isintegration, friability and drug content.
batches were 3, 1 and 0.5% (w/w) respectively.

2.5. Enteric coating of tableted microspheres

Tablets containing guar gum microspheres (cores) were then
coated with Eudragit® S100 (ES), using a pan coating equipment.
Briefly, 5% (w/v) solution of ES was  prepared in an organic solvent
(acetone:isopropyl alcohol – 80:20). The plasticizer, triethyl citrate
(20%, w/w, based on dry polymer weight) was  added to the poly-
meric solution. An opacifier, titanium dioxide (0.5%, w/v) and an
antiadherent, talc (50%, w/w,  based on dry polymer weight) were
also added to the coating solution to prevent adhering of tablets
during the coating process.

The pan coating procedure was carried out by spraying the coat-
ing solution on a pre-warmed tablet bed (30 ◦C). The tablets were
coated and dried using inlet air (temperature 35–40 ◦C) at 30 rpm.
The process of coating was  performed till the desired coating level
was  achieved. At the end of each stage of coating, the tablets were
cured in the coating pan for 15 min  and then in a tray drier at 40 ◦C
for 24 h. The percentage coating level of the tablets after coating
was  assumed to be indicative of the coat thickness.

2.6. In vitro dissolution studies

2.6.1. In vitro drug release studies of guar gum microspheres
(mimicking upper part of GIT)

The guar gum microspheres were evaluated for their integrity
in the physiological environment of stomach and small intestine
under conditions mimicking mouth to small intestine transit. These
studies were carried out using a USP dissolution apparatus I (bas-
ket method, Electrolab, TDT–06 T, Mumbai, India) at 100 rpm,
37 ◦C ± 0.5 ◦C using 900 ml  dissolution medium. Guar gum micro-
spheres equivalent to 135 mg  drug were weighed and placed in
basket of dissolution apparatus. The basket was further covered
with muslin cloth and immersed into the dissolution medium. The
microspheres were tested for drug release at pH 1.2 for 2 h, as the
average gastric emptying time is about 2 h which was then replaced
with pH 6.0 dissolution medium (duodenum pH) and kept for 1 h.
This medium was again replaced by pH 7.2 dissolution medium
(ileum pH), and dissolution was carried out for 2 h (Ashford, Fell,
Attwood, & Woodhead, 1993; Patel, Patel, Bhadani, Shah, & Amin,
2009; Patel, Shah, Amin, & Shah, 2009). Samples were withdrawn at
regular time intervals, filtered using Whatman filter paper (45 �)
and were estimated using UV/VIS spectrophotometer (Shimadzu
UV 2450, double beam UV/VIS Spectrophotometer, Shimadzu Cor-
poration, Japan) at 263 nm for MBH  estimation in pH 1.2 and other
phosphate buffer media. The cumulative percentage release for

MBH was calculated (mean ± SD, n = 3) over the sampling times
using Beer Lambert’s curve generated in the respective dissolution
medium.
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.6.2. In vitro drug release of guar gum microspheres in presence
f rat caecal contents (ex-vivo dissolution of guar gum
icrospheres using rat caecal contents)

The susceptibility of guar gum to the enzymatic action of colonic
acteria was assessed by continuing the drug release studies in
00 ml  of pH 6.4 phosphate buffer containing 4% (w/v) of rat caecal
ontents (according to protocol no. IPS/PCEU/PhD09/003 approved
y the Institutional Animal Ethics Committee at Nirma University,
istar rats were used in this study, provided by Zydus Cadila,

hmedabad, Gujarat, India). The caecal contents were obtained
rom Wistar rats (male/female) (weighing 150–200 g) after pre-
reatment for 7 days with guar gum dispersion. It has been reported
hat the presence of 4% (w/v) rat caecal contents in pH 6.4 phos-
hate buffer obtained after 7 days of pre-treatment of rats with 1 ml
f 2% (w/v) aqueous dispersion of guar gum provide the best condi-
ions for in vitro evaluation of guar gum (Rama Prasad, Krishnaiah,

 Satyanarayana, 1998). Thirty minutes before the commencement
f drug release studies, rats were killed by spinal traction. The
bdomen was opened, the caecai were isolated, ligated at both
nds, dissected and immediately transferred into pH 6.4 phosphate
uffer, previously bubbled with CO2. The caecal bags were opened;
heir contents were individually weighed, pooled and then sus-
ended in pH 6.4 phosphate buffer to give a final caecal dilution of
% (w/v). As the caecum is naturally anaerobic, all these operations
ere carried out under CO2 (Rama Prasad et al., 1998).

The drug release studies were carried out in USP dissolution
ate test apparatus (apparatus I, 100 rpm, 37 ◦C ± 0.5 ◦C) with slight
odification. A beaker (capacity 250 ml)  containing 100 ml  of

issolution medium (pH 6.4 phosphate buffer) was immersed in
he water contained in the 1000 ml  vessel, which was, in turn kept
n the water bath of the apparatus. The microspheres were placed
n the baskets of the apparatus and immersed in the dissolution

edium containing rat caecal contents. The experiment was  car-
ied out with continuous CO2 supply into the beakers to simulate
naerobic environment of the caecum. The drug release studies
ere carried out for 12 h and 1 ml  samples were taken at different

ime intervals without a pre-filter and replaced with 1 ml of fresh
H 6.4 phosphate buffer bubbled with CO2. The volume was
ade up to 10 ml  with pH 6.4 phosphate buffer, centrifuged and

he supernatant was filtered through a bacteria-proof (0.22 �m)
lter and the filtrate was analyzed for MBH  content at 263 nm as
escribed above. The above study was also carried out without
aecal matter in pH 6.4 phosphate buffer (control) (Rama Prasad
t al., 1998).

.6.3. In vitro dissolution of uncoated and coated tableted
icrospheres

In vitro dissolution of uncoated and coated tableted micro-
pheres was carried out by same procedure as that of guar gum
icrospheres.

.7. In vivo roentgenographic study

An in vivo roentgenography study was performed in order to
rovide a proof of concept for the developed CoDDS. According to
rotocol no. IPS/PCEU/PhD09/004 approved by the Institutional
nimal Ethics Committee at Nirma University, three New Zealand
hite rabbits, weighing 3–3.5 kg, were used in this study. For

oentgenographic evaluation, the guar gum microspheres were
repared by partly replacing the drug MBH  with radio-opaque
ompound barium sulphate. These microspheres were used for
he preparation of tablets. The coating of tablets was carried out

imilarly to that of the optimized batch. Prior to administration
f tablets to the rabbits for in vivo roentgenography studies the
ablets were subjected to in vitro dissolution studies, to determine
he intactness of the coat. Tablets were examined visually for the
 Polymers 86 (2011) 536– 545 539

intactness of the coat at regular time intervals. It was observed that
the coat remained intact for nearly 5 h. All rabbits were placed on
overnight fasting with free access to water under 12 h light/dark
cycles. After an over night fasting, tablets were administered to
rabbits with 10 ml  of water. X-ray images (of abdomen) were
periodically taken to trace the movement and behavior of the
tableted microspheres in the GIT. In order to know the actual
position of the tablet in the GIT of the rabbits, a barium meal study
was  conducted by administering 10 ml  of standard barium meal
to the rabbit. In vivo roentgenography study was performed at
Mangalam Digital X-ray, Colour Doppler and Sonography Clinic,
Ahmedabad, India. X-ray images were captured using Siemens
X-ray machine, with 64 MAS  and 63 KV techniques. The X-ray
imaging was  carried out by placing the rabbits in prone position.

2.8. Stability studies

Stability studies for optimized batch was  carried out
by storing at 40 ◦C ± 2 ◦C/75% ± 5% RH for 6 months at a
testing frequency of 0, 3 and 6 months (Mathews, 1999;
Krishnaiah, Reddy et al., 2002; The international conference
on harmonisation of technical requirements for registration
of pharmaceuticals for human use.(2011). Available from
http://www.ich.org/products/guidelines/quality/article/quality-
guidelines.html. Accessed 15.08.10). At the end of the study period,
the tablets were observed for change in physical appearance, color
and drug content. The tablets were also subjected to in vitro
dissolution studies. The dissolution profiles of the optimized batch,
subjected to the stability testing were compared by calculating the
similarity factor (f2).

3. Results and discussion

Guar gum microspheres were prepared by the emulsifica-
tion method using castor oil as an external phase. Hardening
of microspheres was  performed by chemical cross linking using
glutaraldehyde as well as by using temperature induced cross link-
ing. The process was carried at 60 ◦C temperature as reported
by Chourasia and Jain (2004b). The acidic medium required for
the process of cross liking was  imparted by using concentrated
hydrochloric acid. Tween® 80 was used for the purpose of wetting
and uniform distribution of guar gum.

3.1. Optimization of guar gum concentration

A series of guar gum concentrations (0.5, 1, 2, 3, 4, 5%, w/v,
Batches GG1–GG6 respectively) was  employed for preparation
of blank microspheres. The results revealed that at lower con-
centrations of guar gum, microspheres obtained possessed poor
sphericity and aggregation. This might be due to the presence of
higher amount of water in less concentrated solution, which evap-
orates slowly, causing the particles to come in contact with each
other (Chourasia & Jain, 2004b).  It was observed that a 4% (w/v)
solution was  necessary to obtain spherical microspheres. Solution
with concentration higher than 4% (w/v) was too viscous to handle
and hence could not be used in the preparation of microspheres.

3.2. Effect of various formulation parameters on particle size,
percentage entrapment efficiency and in vitro drug release

3.2.1. Effect of drug to polymer ratio
Different drug to polymer ratios (1:1, 1:2 and 1:3, Batches DP1,
DP2 and DP3 respectively) were tried for the preparation of guar
gum microspheres. The PEE of the microspheres increases from
75.50 ± 2.1% to 87.40 ± 1.1% with increase in the drug to polymer
ratio from 1:1 to 1:3 respectively (Table 2). This increase in the
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Table  2
Effect of formulation variables on microspheres formation.

Formulation variables Value Yield (%) Drug loading (%) PEE Particle size (�m) Microspheres formationa

Drug to polymer ratio 1:1 77.03 ± 1.7 49.03 ± 1.9 75.50 ± 2.1 82.53 ± 1.6 Yes (+ + + )
1:2 75.06 ± 1.1 37.50 ± 1.6 84.40 ± 1.7 84.64 ± 2.1 Yes (+ + + )
1:3 77.77 ± 1.4 32.09 ± 2.3 87.40 ± 1.1 86.75 ± 2.5 Yes (+ + + )

Concentration of Span® 80 (% w/w) 1 – – – – No
2  – – – – No
3  73.21 ± 1.3 31.74 ± 2.1 69.7 ± 1.1 112.5 ± 1.4 Yes (+)
4  75.03 ± 1.2 32.96 ± 1.5 74.2 ± 1.3 97.4 ± 1.3 Yes (+ + )
5 76.06 ± 1.8 36.64 ± 1.8 83.6 ± 1.5 84.84 ± 1.1 Yes (+ + + )
6 78.77 ± 1.3 36.82 ± 1.9 87.0 ± 2.5 71.70 ± 1.7 Yes (+ + + )

Amount of glutaraldehyde (ml) 0.5 77.32 ± 2.5 33.29 ± 1.1 77.21 ± 1.4 83.31 ± 2.6 Yes (+ + + )
1  74.12 ± 1.7 36.21 ± 1.5 80.51 ± 2.1 83.63 ± 1.4 Yes (+ + + )
2  76.01 ± 1.5 37.54 ± 1.7 85.61 ± 1.5 81.23 ± 2.1 Yes (+ + + )
3  78.01 ± 1.6 37.22 ± 2.1 87.11 ± 1.2 84.51 ± 1.3 Yes (+ + + )

Rotational speed (per minute) 2000 – – – – No
3000 76.12 ± 1.4 35.03 ± 1.6 80.00 ± 1.5 106.8 ± 1.3 Yes (+ + )
4000 78.41 ± 1.1 36.13 ± 1.4 85.00 ± 1.3 81.70 ± 2.1 Yes (+ + + )
5000  75.32 ± 1.5 34.52 ± 1.8 78.00 ± 1.1 56.57 ± 1.5 Yes (broken/fractured) (+ + )

Cross  linking time (h) 1 75.53 ± 1.3 37.16 ± 2.1 84.20 ± 1.5 84.33 ± 1.4 Yes (+ + + )
2  74.06 ± 1.7 37.18 ± 1.7 82.60 ± 1.9 83.61 ± 2.2 Yes (+ + + )

1.9 

re me
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a

3 76.77 ± 2.1 37.12 ± 

a (+) slightly spherical, (++) spherical, (+++) completely spherical, values shown a

EE may  be attributed to the fact that with increase in the drug to
olymer ratio more amount of polymer is available to encapsulate
he same amount of drug present in the system, which means more
enser network is formed which further increases the diffusion
ath length for the drug to escape in the external phase. With
ncrease in drug to polymer ratio from 1:2 to 1:3, no significant
ncrement (p > 0.05) in PEE was observed (The PEE was  statistically
nalyzed using their mean ± SD and performing unpaired t-test
SPSS version 16), a p-value < 0.05 was considered as significant).

ig. 2. (a) Cumulative percentage drug released from guar gum microspheres at the end
nd  Batch TM3  in absence (−) and presence (+) of rat caecal contents.
85.50 ± 2.1 83.55 ± 2.4 Yes (+ + +)

an ± SD (n = 3). Underlined figures indicate optimized values.

Fig. 2(a) depicts that the drug to polymer ratio had a sig-
nificant effect on the in vitro drug release characteristics of the
microspheres. Batches DP1, DP2 and DP3 showed 37.87 ± 1.85,
31.40 ± 1.32 and 26.37 ± 2.13% of drug release respectively at the
end of 5th hour (which is the expected time for the arrival of dosage

form in the colon). The decrease in the drug release with increase
in amount of polymer was  attributed to the swelling properties
of guar gum. As the amount of the swellable polymer increases in
the formulation, the thickness of gel layer formed surrounding the

 of 5th hour (in absence of rat caecal content). (b) Dissolution profile of Batch GM
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icrospheres increases. This increases the diffusion path length for
enetration of intestinal fluid and hence decreases the drug release
rom the microspheres.

.2.2. Effect of emulsifier (Span® 80) concentration
Span® 80 was used as an emulsifier for the preparation of

/O  emulsion of guar gum solution and castor oil. Increasing the
mulsifier concentration from 1 to 6% (w/w) exhibited a rever-
al in trend between particle size and PEE of MBH  loaded guar
um microspheres (Table 2). Batches SP1 and SP2 prepared with

 and 2% Span® 80 could not produce any microspheres, while
hose prepared with 3–6% of Span® 80 (Batches SP3–SP6) produced

icrospheres with increasing sphericity. Microspheres prepared
ith 3% Span® 80 had the largest particle size and the lowest PEE
hile those prepared with 6% Span® 80 showed the lowest par-

icle size and the highest PEE. The decrease in the particle size
nd increase in the PEE at increasing emulsifier concentrations
ould be attributed to the decreased emulsion droplet size dur-
ng the formation of microspheres (Castellanos, Carrasquillo, de
esus Lopez, Alvarez, & Griebenow, 2001; Krishnamachari et al.,
007). When added in small concentrations, the emulsifier may
ot have been able to cover the entire aqueous droplet surface.
hus, some of the droplets would tend to fuse and produce larger
lobules because of insufficient lowering in interfacial tension. This
ould also explain the formation of smaller droplet size at the
igher emulsifier concentrations resulting in a greater surface area

or rapid solvent evaporation and rapid hardening of the micro-
pheres, and further decreased drug diffusion in the external phase.
s a result, the higher PEE was obtained at higher emulsifier con-
entrations (Krishnamachari et al., 2007). Also due to small particle
ize, the surface area available for cross linking with glutaraldehyde
ncreases, as a result of which rapid cross linking of the particles
akes place which further leads to decrease in the diffusion of the
rug into the external phase and thus increases the PEE.

In vitro evaluation also revealed that with increase in concentra-
ion of Span® 80, the drug release increases. Batch SP3 prepared at
% concentration showed 23.90 ± 1.78% drug release, while Batch
P6 prepared at 6% concentration showed 35.48 ± 2.01% of drug
elease at the end of 5th hour (Fig. 2(a)). This increase in drug release
an be attributed to the decrease in the particle size at higher emul-
ifier concentrations, as a result of which the surface area of the guar
um microspheres exposed to the dissolution medium increases,
hich ultimately leads to increase in drug release.

.2.3. Effect of amount of cross linking agent
The amount of cross linking agent glutaraldehyde was  varied

rom 0.5 to 3 ml  in Batches GA1 to GA4 respectively (Table 2). It
as observed that the PEE increases with increase in the amount

f cross linking agent. Batch GA1 prepared with 0.5 ml  of glutaralde-
yde had PEE of 77.21 ± 1.4%, while Batch GA4 prepared with 3 ml
f glutaraldehyde showed 87.11 ± 1.2% PEE. With increasing the
mount of glutaraldehyde from 2 to 3 ml,  no significant improve-
ent in the PEE observed (p > 0.05). Amount of glutaraldehyde had

 significant effect on the dissolution characteristics of the micro-
pheres. It was observed that with increase in the amount of the
lutaraldehyde, the drug release from the microspheres was  pro-
onged. Batch GA1 prepared with 0.5 ml  of glutaraldehyde showed
3.16 ± 2.11%, while Batch GA4 prepared with 3 ml  of glutaralde-
yde showed 23.98 ± 1.79% of drug release at the end of 5th hour
Fig. 2(a)).

The increase in PEE and the decrease in drug release could be
ttributed to the fact that with increase in the amount of glutaralde-

yde the cross linking density increases. As a result of which drug

eaching into the external phase during microspheres formation
ecreases and hence the PEE increases. Glutaraldehyde causes cross

inking by reacting with the hydroxyl group of galactose and the
 Polymers 86 (2011) 536– 545 541

mannose unit in guar gum, thus interfering with the free access of
water to the hydroxyl group of guar gum (Chaurasia et al., 2006;
Soppirnath & Aminabhavi, 2002). This significantly reduces the
hydration rate of the microspheres and consequently the penetra-
tion of the solvent into the microspheres. As a result of which the
drug release was  reduced with increasing the amount of glutaralde-
hyde.

3.2.4. Effect of rotational speed
The mean particle size of the microspheres decreased from

106.8 ± 1.3 to 56.57 ± 1.5 �m with increase in the rotational speed
from 3000 rpm to 5000 rpm (Table 2). This may be attributed
to the fact that with increase in the rotational speed at a fixed
value of other influencing factors, the droplet size of the emul-
sion decreases due to high shear force, hence the size of the
microspheres decreases. It was  also observed that at the rota-
tional speed ≤ 2000 rpm, no microspheres formation occur, this
may  be attributed to the poor dispersion of the guar gum solu-
tion in the external phase due to low shear force. The PEE also
significantly varies by changing the rotational speed. Batch RS2
prepared at 3000 rpm had PEE of 80.00 ± 1.5% while Batch RS3
prepared at 4000 rpm showed significant increment (p < 0.05) in
PEE (85.00 ± 1.3%). This increase in PEE might be due to decrease
in the size of the droplets, which leads to increase in the surface
area of the droplets as a result of which rapid evaporation of the
solvent and cross linking of the microspheres takes place which
further decreases the diffusion of drug into the external phase
(Krishnamachari et al., 2007; Paharia et al., 2007). But this was  not
the case with the Batch RS4 prepared at 5000 rpm at which the
PEE was found to decrease significantly (p < 0.05) to 78.00 ± 1.1%
compared to Batch RS3. The decrease in PEE may  be attributed to
the influence of very high shear force of the blade which results
in either breakdown of microspheres or formation of microspheres
with fractured surface, these further results in diffusion of the drug
in the external phase and thus decrease in the PEE (Chourasia &
Jain, 2004b).

The effect of rotational speed on in vitro drug release is shown in
Fig. 2(a). It was  observed that with increase in rotational speed the
drug release increases. Batch RS2 prepared at 3000 rpm showed
26.36 ± 2.16% while Batch RS4 prepared at 5000 rpm showed
36.69 ± 2.24% of drug release at the end of 5th hour. This increase
in drug release can be attributed to the decrease in the particle size
and formation of fractured microspheres at 5000 rpm, as a result of
which the surface area of the guar gum microspheres exposed to the
dissolution medium increases, which ultimately leads to increase
in drug release.

3.2.5. Effect of cross linking time
It was observed that the cross linking time do not have any

significant (p > 0.05) effect on the PEE (Table 2). The in vitro drug
release studies revealed that with increase in the cross linking time
from 1 h to 3 h (Batches CT1–CT3), the amount of drug released at
the end of 5th hour decreases from 30.46 ± 1.64% to 19.24 ± 1.93%
(Fig. 2(a)) respectively. This might be because increasing the cross
linking time will lead to increase in the rigidity of the cross linked
microspheres, which further decreases the penetration of the fluid
into the microspheres, ultimately leading to decrease in the drug
release.

Ex-vivo dissolution study of optimized batch of guar gum micro-
spheres (Batch GM)  revealed that the cumulative drug release was
significantly higher in presence of caecal content than in the con-
trol system (Fig. 2(b)). The amount of drug released at the end of

12th hour from the guar gum microspheres without rat caecal con-
tent was 46.64 ± 2.53% while a complete drug release was  observed
in presence of rat caecal content. This could have been due to the
enzymes present in the caecum (secreted by various anaerobic bac-
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Fig. 3. Scanning electron photomicrographs of (a) cross linked guar gum m

eria), which are responsible for the digestion/degradation of guar
um and which lead to release of drug from the microspheres. The
imilarity factor (f2) was found to be 26.514, revealing that the
n vitro dissolution profiles in absence and presence of rat caecal
ontents was not similar (f2 < 50).

Shape and surface morphology were investigated using scan-
ing electron microscopy. Fig. 3(a) indicates that the cross-linked
uar gum microspheres possessed a nearly smooth surface and
pherical shape.

DSC analysis depicts the change in thermal behaviors as a result
f interactions during microspheres preparation (Jose, Prema,
hacko, Thomas, & Souto, 2011; Xu, Bovet, & Zhao, 2008). Hence,

n order to determine the stability of a drug molecule, and
ossible interaction between the polymer and the cross linking
gent, DCS analysis was performed (Fig. 4). Using DSC, transi-
ion temperature of guar gum (a) and MBH  (b) were observed
t 111.52 ◦C and 137.25 ◦C respectively. Both the peaks were
lso distinctly visible in their physical mixture (c). The peak of
he blank guar gum microspheres (d) was changed compared
o the pure guar gum (a), indicating cross linking of the guar

um microspheres by the glutaraldehyde. Also, the peak for pure
rug was not found in the drug loaded microspheres (e), it
ould be attributed to the fact that the incorporated drug was
mbedded in a molecular dispersed form inside the cross-linked

ig. 4. DSC of (a) pure guar gum powder, (b) pure drug, (c) physical mixture of guar gum
oaded  guar gum microspheres.
heres, (b) tableted microspheres, and (c) dispersed tableted microspheres.

particle matrix (Lamprecht, Yamamoto, Takeuchi, & Kawashima,
2004).

3.3. Preparation of tableted microspheres

The in vitro evaluation of the guar gum microspheres revealed
that, guar gum when used alone was not found suitable for achiev-
ing colonic targeting; these findings are in good agreement with the
literature which revealed that an enteric coat would be required to
prevent the premature release of drug in the upper part of the GIT
(Ji et al., 2007; Ji, Xu, & Wu,  2009). Now, as discussed earlier enteric
coating of microspheres is difficult if large amount of microspheres
are to be coated. Also, it was  always difficult to achieve reproducible
results, wherever coating of microspheres is involved. Taking this
into consideration, an attempt was  made to prepare tablets from
the guar gum microspheres, since it could be easily manufactured
with high reproducibility and could be easily coated with enteric
polymers compared to the microspheres. The enteric coat will pro-
tect the microspheres in upper part of GIT and thus prevent the
premature release of the drug. As soon as the enteric coat will dis-

solve, the tablet containing microspheres will get disintegrated,
thus dispersing the microspheres into the lower part of the GIT,
where the drug will get released due to digestion/degradation of
guar gum by colonic microflora.

 and drug, (d) cross linked blank guar gum microspheres, and (e) cross linked drug
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Fig. 5. Dissolution profile and 

Guar gum microspheres were tableted using Avicel® PH301 as
 directly compressible diluent. The tablets were subjected to var-
ous evaluation parameters, such as thickness, weight variation,
ardness, disintegration, friability and drug content. The results
f these tests are given in Table 1. Batch TM1 prepared without
VP showed lower average hardness (3.6 ± 0.4 kg/cm2) and disin-
egration (58 ± 3 s) values with higher % friability value (0.83%).
ence in order to impart sufficient hardness required for the
reparation of coated tablets, Batches TM2  and TM3  were pre-
ared containing 3 and 5% (w/w) PVP (by keeping the position of
he hardness adjusting knob fix at a particular point, in order to

aintain constant force of compression for all the batches). The
ardness of Batches TM2  and TM3  was found to be 4.3 ± 0.4 and
.8 ± 0.6 kg/cm2 respectively. With the increase in hardness, the
isintegration time increases and the % friability decreases. As Batch
M3  showed hardness sufficient for maintaining tablet integrity
uring the coating process, this batch was used for further opti-
ization of CoDDS.
Avicel® was used as a diluent since it has been reported to

ave a superior protective effect against the damage caused by
he compression force and this is believed due to its excellent
lastic deformability (Hasegawa, Nakagawa, & Sugimoto, 1984).
vicel® PH301 grade was selected, taking into consideration the
ensity and particle size of the guar gum microspheres in order to
void segregation. The bulk density of the Avicel® and guar gum
icrospheres was found to be 0.43 and 0.52 g/ml respectively. The

article size of the Avicel® PH301 (50 �m)  was less than that of the
uar gum microspheres (84.84 ± 2.1 �m).  It has been reported that
he small size particles would provide more protective effect than
hat of the larger ones (Yoa, Yamada, Yamahara, & Yoshida, 1998).
he additives with smaller particle size would deform plastically
ithout fragmentation. So, (i) when the microspheres are blended
ith the micronized additive (Avicel®), each microsphere would

e covered by its small sized to form a sort of ordered mixture, and
hus, a direct contact between the microspheres would be effec-
ively prevented during the compression process, (ii) by mixing the

icrospheres with small additive particles, the mixture would tend
o deform plastically, which might result in reducing the damage to
he microspheres during compression, (iii) additive could also act
s a cushion (hence microspheres and Avicel® are used at a ratio of
0:50) and the cushioning effect might increase with decrease in
dditive particle size (hence Avicel® with 50 �m particle size was
sed) (Torrado & Augsburger, 2008; Vladyka, Erkoboni, Sweriduk,

 Christopher, 2005; Wallace, 1989; Yoa et al., 1998; Yuasa, Kanaya,
 Omata, 1990). In order to re-disperse the microspheres from the

ablets as soon as the enteric coat is dissolved, cross PVP was  used
o facilitate quick disintegration.
.3.1. In vitro evaluation of tableted microspheres
The dissolution profile of optimized guar gum microspheres

Batch GM)  and tableted microspheres (Batch TM3) was found to be
e profile of Batches TS1–TS4.

very much similar (Fig. 2(b)), with an f2 value of 80.82 (in absence
of rat caecal content) and 79.84 (in presence of rat caecal content).
The fact of similarity between the dissolution profiles of guar gum
microspheres and tableted microspheres demonstrated that the
tableted microspheres remained intact after the compression of the
guar gum microspheres, because if the microspheres would have
been broken, the dissolution values would have increases with a
decrease in f2 value (Xu et al., 2008). Fig. 3(b) and (c) shows scan-
ning electron photomicrographs of the tableted microspheres and
the dispersed tableted microspheres respectively, which reveal that
the guar gum microspheres remained intact even after the com-
pression. The amount of drug released at the end of 5th hour from
tableted microspheres was found to be 31.32 ± 2.39%, depicting a
strict control in drug release for colonic targeting. Hence enteric
coating of tableted microspheres was  performed.

3.3.2. Enteric coating of tableted microspheres
Tableted microspheres were enteric coated with ES using a pan

coating technique. Approximately 5, 10, 15 and 20% (w/w) (Batches
TS1–TS4) of coating was applied to study the effect of concentra-
tion of ES on drug release in the gastric fluid. Drug content of enteric
coated tableted microspheres (99.01 ± 0.52%) was found to be sim-
ilar to that of uncoated tableted microspheres, which revealed that
there was  no loss of drug during the coating process of tableted
microspheres, unlike observed in case of enteric coating of micro-
spheres by Krishnamachari et al. (2007).

In vitro dissolution of Batches TS1–TS4 was  carried as discussed
earlier which reveals that a 5% (w/w)  of coating level was  required
to impart an enteric effect. At 5% (w/w)  coating level the percentage
of drug released at the end of 5th hour was  found to be 14.86 ± 3.36%
(Fig. 5). Increasing the coating thickness to 10, 15 and 20% (w/w)
(Batches TS2, T3 and TS4 respectively) reduced the drug release
to 11.07 ± 4.56, 6.61 ± 3.51 and 3.99 ± 2.32% respectively after a
period of 5 h. Further, it was observed that the dissolution rate
was  inversely proportional to the thickness of the coat applied.
These results are in good agreement with the results of the authors
reported in previous studies that an increase in the coat thick-
ness of enteric polymer, exhibited a decrease in the dissolution
rate of mesalamine. This can be explained by the fact that increas-
ing the coat concentration makes the coat more impermeable and
drug release is retarded. Slowly as the coating solubilizes, drug dis-
solution is facilitated (Patel, Patel et al., 2009; Patel, Shah et al.,
2009).

The lag time profile of Batches TS1–TS4 revealed that increasing
the coating level of ES increases the lag time for drug release (Fig. 5).
It was  observed that the lag time for drug release at 5 and 10%
(w/w)  coating level was  found to be 3 h, which increases to 4 h at

15 and 20% (w/w)  coating level. It was observed that the lag time
was  same at 5 and 10% (w/w) coating level, and at 15 and 20% (w/w)
coating level, the only difference was the % drug released from the
respective batches. As Batch TS4 showed a maximum lag time (4 h)
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ig. 6. Roentgenography study of CoDDS in rabbits. (A) Barium meal study of rabb
astrointestinal transit of the developed tableted microspheres coated with ES in

ntestine, (iii) 6th hour, microspheres were dispersed in the colon due to tablet disi

ith a minimum drug release at the end of 5th hour (3.99 ± 2.32%),
his batch was considered as optimum for targeting a drug molecule
o the colon.

.4. In vivo evaluation

The performance of the CoDDS to deliver MBH  was  validated
y conducting in vivo studies. Rabbits were selected as an animal
odel, as the change in GIT pH of rabbits is similar to that of humans

pH of stomach, small intestine and colon is reported to be 1.5–2.0,
.2 and 6.5 respectively) (Gidenne & Lebs, 2006). Also the mean
olonic arrival time in rabbits (total time: 4–6 h, stomach transit
ime: 2–4 h, small intestine transit time: about 2 h) is almost sim-
lar to that of humans which facilitates the in vivo evaluation of
oDDS (Gidenne & Lebs, 2006). As it is difficult to administer the
imilar size tablet for human use to the rabbits for colon targeting,

 smaller size tablet (6 mm)  with a corresponding dosage reduction
as administered to rabbits (Ghosh, 2008, chap. 24; Patel & Amin,

011a, 2011b).
For roentgenographic evaluation, the guar gum microspheres

ere prepared by partly replacing the drug MBH  with radio-opaque
ompound barium sulphate. These microspheres were used for
he preparation of tablets. The coating of tablets was  carried out
imilarly to that of the optimized batch. The formulation was
rst subjected to in vitro evaluation. The results of in vitro dis-
olution were in accordance to that of optimized coated tableted
icrospheres. The result of roentgenographic study is shown in

ig. 6, and the actual positions of the tablet in the GIT of the rab-
it could be ascertained by comparing it with the barium meal
ata (Fig. 6A(a)–(c)). Fig. 6B(i)–(iv) revealed that the tableted
icrospheres coated with ES remain intact in stomach and small

ntestine. The tablet gets disintegrated and the microspheres get
ispersed from the tablet in the colon, revealing that the formu-

ated system could target the drug specifically to the colon. The
ime required to reach colon was about 5 h.

The in vivo test demonstrated that the CoDDS could deliver the
rug to the colon successfully and highlighted the potential of this

ystem for colonic drug delivery. Thus, we can conclude that the
oated tablet remained intact in the upper part of the GIT, that is,
tomach and small intestine, and reaches the colon after a lag time
f about 5 h.
 depicting, (a) stomach (b) small intestine and (c) entire GIT along with colon. (B)
ts, (i) 1st hour, intact tablet in stomach, (ii) 4th hour, tablet is intact in the small
tion, and (iv) 8th hour, small amount of microspheres were detected in the colon.

3.5. Stability studies

In view of the potential utility of optimized formulations
for targeting MBH  to colon, stability studies were carried out
at 40 ◦C ± 2 ◦C/75% ± 5% RH for 6 months (accelerated test-
ing) to assess their long term stability (Krishnaiah, Reddy
et al., 2002; Mathews, 1999; The international conference
on harmonisation of technical requirements for registration
of pharmaceuticals for human use.(2011). Available from
http://www.ich.org/products/guidelines/quality/article/quality-
guidelines.html. Accessed 15.08.10). When the optimized
formulations were stored at 40 ◦C ± 2 ◦C/75% ± 5% RH for 6 months
there appeared no change either in physical appearance, color
or in drug content (n = 6, mean ± SD) (3 months: 99.75 ± 0.62%
and 6 months: 100.73 ± 0.56%). The dissolution study (n = 12)
conducted in the simulated physiological environment of stomach,
small intestine and colon demonstrated no significant difference
(similarity factor f2 was found to be 83.64 and 82.70 after storing
for 3 months and 6 months respectively which is >50) in the
cumulative percent of MBH  released from stored tablets, when
compared to the tablets of same batch before storage. The insignif-
icant change either in the physical appearance, color, drug content
or in dissolution profile of optimized formulations after storage
indicated that developed formulation is stable and could provide a
good shelf life.

4. Conclusions

The results of this investigation indicated that emulsification
method can be successfully employed to fabricate MBH  loaded guar
gum microspheres. The entrapment efficiency and the in vitro drug
release were found to be greatly influenced by the formulation vari-
ables such as drug to polymer ratio, concentration of emulsifier,
amount of glutaraldehyde, rotational speed and cross linking time.
Furthermore, it was observed that polysaccharide alone cannot be
used for targeted delivery to lower part of GIT. This can be achieved
by enteric coating of microspheres with ES. Since enteric coating

was  found to be difficult with microspheres, tablets were prepared
successfully from them without affecting the integrity of the micro-
spheres. The optimized enteric coated tablet formulation was found
to prevent the drug release from the core tablets in acidic as well as
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t the intestinal pH conditions. The in vivo results revealed that the
ptimized batch released its content in the colonic region, revealing
he potential of developed system for colonic targeting.
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