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Objective: The aim of this study is to develop, characterize and evaluate

(in vitro and in vivo) a novel colon-targeted bioadhesive microsphere (BAM)

containing metronidazole (MTZ).

Methods: BAMs are prepared using Assam Bora rice starch as a natural

bioadhesive polymer by a double emulsion solvent evaporation method.

Results: The prepared microspheres showed a uniform spherical shape, with

excellent retention time. The in vitro drug release study of the optimized for-

mulations, in different physiological environments, confirmed the insignifi-

cant release of metronidazole in the physiological conditions of the

stomach (10 -- 12.5%) and small intestine (< 25%). Further, fast and major

drug release in cecal content (> 90) indicated that the release of the drug

was unaffected by the hostile environment of the gastrointestinal tract

(GIT). In vitro bacterial inhibition studies illustrated that MTZ loaded BAMs,

inhibiting metronidazole-sensitive Bacteroides fragilis and selected BAMs

(F1 -- F7), have an equivalent or higher zone of inhibition than the marketed

formulation. An in vivo organ distribution study of MTZ revealed that Assam

Bora rice starch-based microspheres were relatively intact in the upper part of

GIT, and the drug was released only after reaching the colon, owing to the

microbial degradation of Assam Bora rice starch by microflora residing in

the colon.

Conclusion: MTZ release patterns exhibited slow and extended release over

longer periods of time, which shows the potential of Assam Bora rice starch

microspheres as a drug carrier for an effective colon-targeted delivery system.

Keywords: Assam Bora rice starch, bioadhesion, colon targeting, in vitro bacterial inhibition,

metronidazole, organ distribution study
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1. Introduction

The large intestine may be subjected to various disease conditions such as colorectal
cancer, ulcerative colitis and Crohn’s disease. Furthermore, life-threatening infectious
diseases such as amebiasis, pseudomembranous colitis (also known as antibiotic-
associated diarrhea), giardiasis and anaerobic infections are also associated with the large
intestine, particularly amebiasis, which is caused by the protozoa Entamoeba histolytica
and infects nearly 50 million people a year. After malaria, it is the second leading cause
of death due to parasitic diseases in humans and estimated to be responsible for between
50,000 and 100,000 deaths worldwide every year [1-3]. Here in this study,metronidazole
(MTZ) is taken as the model drug which is effective in anaerobic infections and
represents the most common therapy in these pathogenic conditions [4]. MTZ in
conventional tablet dosage forms gets rapidly and completely absorbed in the systemic
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circulation after oral administration. As the drug does not reach
the colon at therapeutic concentration, accordingly conventional
therapy requires comparatively higher doses to compensate for
the drug loss during passage through the upper gastrointestinal
tract (GIT) leading to undesirable systemic side effects. Owing
to these, colon-targeted drug delivery approaches have gained
importance for the treatment of localized diseases conditions
associated with the large intestine.
Among the different approaches to achieve colon-specific

drug delivery, the use of polymers, specifically biodegraded
by colonic bacterial enzymes, hold a special promise [5,6].
These polymers shield the drug from the environments of
stomach and small intestine, and are able to deliver the
drug to the colon. The important bacteria present in the
colon such as Bacteroides, Bifido bacterium, Eubacterium,
Peptococcus, Lactobacillus and Clostridium secrete a wide
range of reductive and hydrolytic enzymes such as b-glucu-
ronidase, b-xylosidase, b-galactosidase, a-arabinosidase,
nitroreductase, azoreductase, deaminase and urea hydroxy-
lase [7]. On reaching the colon, polymers undergo assimila-
tion by microorganisms, degradation by enzymes or break
down of the polymer backbone leading to a subsequent
reduction in their molecular mass and thereby loss of
mechanical strength. They are then unable to hold the
drug entity to any further extent [8].
The present investigation is aimed towards the formulation

and development of colon-targeted microspheres by using a
natural, safe, economic and abundantly available Assam Bora
rice starch. Assam Bora rice, locally known as Bora Chaval,
was first introduced in Assam, India from Thailand or
Myanmar by Thai-Ahoms [9-11], which is now widely culti-
vated throughout the Assam. The starch obtained from Assam
Bora rice is characterized by its high amylopectin content
(i.e., > 95%) with branched waxy polymer which shows phys-
ical stability and resistance towards enzymatic action [10-12].
Assam Bora rice starch hydrates and swells in cold water form-
ing viscous colloidal dispersion or sols, which are responsible
for its bioadhesive nature. Moreover, it is totally degraded
by colonic bacteria but remains undigested in the upper
GIT. So, on account of its bioadhesive nature, drug release
retarding property and susceptibility to microbial degradation
in the large intestine [10-12], Assam Bora rice starch is used in
our study for targeting MTZ to colon in the form of bioadhe-
sive microspheres (BAMs).

2. Materials and methods

Assam Bora rice was procured from local villagers of Dibru-
garh district of upper Assam. All other chemicals used in the
experiment were of analytical reagent grade and used without
further purification. Starch was isolated by methods already
established [11-14]. MTZ (> 99% purity) was obtained as a
gift sample from Aarey Drugs & Pharmaceuticals Ltd, Mum-
bai, India. Assam Bora rice starch was isolated and further
processed in our laboratory.

2.1 Preparation of microspheres
BAMs were prepared by a double emulsion solvent evaporation
method described earlier by Sandra et al. 2005, with slight modi-
fications [15]. Aqueous polymer dispersion was prepared by sus-
pending the weighed amount of Bora rice starch (Table 1), in
75 ml of distilled water and further stirred at 800 r.p.m. for 6 h.
The solution (A) was stored in a sealed container at 40�C for
24 h prior to use. Drug solution (B) was prepared by dissolving
500 mg of MTZ and 50 mg of magnesium stearate (anti-
adherent) in 20 ml of methylene chloride and stirred at 1000 r.
p.m. for 1 h. The first emulsion was prepared by emulsifying the
solution B into 50 ml of solution A containing 0.2 ml of Tween
80 to enhance the process of emulsification. The compositions
of different formulations along with their formulation codes are
given inTable 1. Silverson homogenizer fitted with 6-blade butter-
fly propeller was used for the rapid mixing for 30 min. For the
preparation of second emulsion, 30 ml of the first emulsion was
added drop-wise (using 18 gauge hypodermic needle) to 300 ml
of light liquid paraffin containing 1.5% (v/v) span 80. The result-
ing double emulsion was stirred at 1000 r.p.m. for 1 h with heat-
ing at 40�C to promote the evaporation of water. Solid BAMs
were subsequently separated from the oil by centrifugation at
10,000 r.p.m. and further washed in hexane and dried in hot
air oven at 40oC for 6 h. For each polymer:drug ratio, five
batches of BAMs were prepared for the purpose of assessing the
reproducibility of drug loading.

2.2 Characterization
2.2.1 Particle size, size distribution and morphology
The prepared microspheres were mounted on the moving stage
optical microscope (MOTIC, Xiamen, China) fitted with the cal-
ibrated ocularmicrometer for analyzing the particle size range, size
distribution and othermorphological features.Morphology of the
BAMswas studied by scanning electronmicrographs (SEM) taken
with a scanning electronmicroscope (Hitachi S-300N,Germany).
The samples were gold coated (at about 100Ao) on metal stabs
with the aid of double-sided adhesive tape in KSE24M high vac-
uum evaporator. Selected regions that were scanned depicting
distinct morphological feature were photographed.

2.2.2 Entrapment efficiency
Unentrapped drug was separated by centrifugation and the
drug that remained entrapped in BAMs was determined after
complete disruption by crushing 100 mg of BAMs in a glass
mortar and dispersed in 100 ml of phosphate buffer (pH
7.4) and further analyzing the resultant solution for MTZ
using HPLC (Shimazdu, Japan). Entrapment efficiency was
calculated using the formula:

(1)
Entrapment Efficiency EF

Actual

( ) =
drug content

Initial amount of thhe drug added in the formulation
× 100
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2.2.3 Flow properties
The flow properties of the microspheres were determined
by measuring compressibility index and Hausner’s ratio
according to the following relationship:

(2)

compressibilityIndex 100
tapped= ×

−ρ ρ

ρ
bulk

tapped

(3)

HausnersRatio =
ρ

ρ
tapped

bulk

where rtapped and rbulk are tapped density and bulk density,
respectively.

2.2.4 Swelling index
The swelling studies on microspheres were performed with
water, 0.1N HCl and phosphate buffer (pH 7) [16]. Accurately
weighed 100 mg of BAMs were immersed in a little excess of
double-distilled water, phosphate buffer (pH 7.4) and 0.1N
HCl, respectively, and kept for 24 h. The swelling index
(SI) was calculated by using the following formula:

(4)

SI
W

=
W Wi s

s

-
×

⎛
⎝⎜

⎞
⎠⎟

100

where SI = percentage swelling of microsphere, Wi = initial
weight of microsphere and Ws = weight of microsphere after
swelling.

2.2.5 Bioadhesion test
The bioadhesive property of the BAMs was determined by the
method already established [17] with a slight modification.
This study was performed on freshly cut goat intestine
(15 cm long piece of goat intestine). One gram microspheres
were shifted on the mucosal surface, which was attached to
20�10 cm clean glass surface and the whole system was
inclined at an angle of 45o relative to the horizontal plane.
Phosphate buffer (pH 7.4) at 37 ± 0.5oC was passed over
the mucosal surface at a rate of 2 ml/min. The time required
for detaching all the microspheres from mucosal surface of
goat intestine was recorded by visual inspection.

2.2.6 HPLC analysis of MTZ
MTZ was analyzed on reverse phase HPLC column (Supelco
column 516, C18, 5 µm, 250 mm � 4.6 mm). The HPLC
system (SCL-10 AVP, Shimadzu, Japan) consisted of a binary
pump (LC-10 ATVP, Shimadzu) and a UV-VIS detector
(SPD-10 AVP, Shimadzu). The mobile phase was composed
of a mixture of methanol and sodium acetate buffer (pH
4.4) in a ratio of 15:85 v/v and passed through the column
with a flow rate of 0.9 ml/min. The detection wavelength
was set at 254 nm and the retention time of the MTZ was
found to be 8 min. The assay was linear (r2 = 0.9995) in the
concentration range of 0.1 -- 40 µg/ml with the lowest detec-
tion limit at 0.005 µg/ml. The percentage recoveries ranged
from 99 to 100.1%. All the samples prior to the analysis
were filtered through a 0.22 µm pore size membrane filter.

2.2.7 In vitro drug release study
To study the effect of different physiological environments in
GIT on the release pattern from BAMs, dissolution study was
carried out in 0.1N HCl (pH 1.2), phosphate buffer (pH 7.4)
and goat cecal content (whole GIT of goat was commercially
collected from the slaughter house immediately after sacrifice
of goat and was stored in physiological solution (previously
bubbled with CO2) at 8oC before use). The test was per-
formed in 900 ml of the above mentioned media, which
was based on USP method (Dissolution apparatus I at
100 r.p.m. and 37 ± 0.5�C). Release of MTZ from the micro-
spheres was studied for the initial 2 h in acidic medium, fol-
lowed by phosphate buffer (pH 7.4) for 3 h and, further,
the medium was replaced by goat cecal content and the disso-
lution was carried for next 19 h. Anaerobic environment of
the cecal content was maintained by continuous CO2 bub-
bling into the beaker containing cecal content and formula-
tion. At regular intervals of time, 5 ml of the sample was
withdrawn and replaced with 5 ml of fresh media to maintain
sink conditions. Withdrawn samples were filtered through
syringe filter (0.22 µm) and analyzed for MTZ by HPLC.
Control study (without goat cecal content) was also per-
formed with all the formulation. The drug release studies
were performed in triplicate for every case.

2.2.8 Statistical analysis
The mean percentage of MTZ released from BAMs of various
polymer ratios in the dissolution media (with and without
goat cecal content) at 24 h was compared. The student t test
was used to find the statistical significance. A value of
p < 0.05 was considered statistically significant.

2.2.9 In vitro bacterial inhibition studies
Bacterial inhibition study was performed by using the agar diffu-
sion method (Cup-plate technique). Bacteroides fragilis was cho-
sen as bacterium strain sensitive to MTZ. Bacteroides fragilis
MTCC 1045 was obtained from the Institute of Microbiology
Technology, Chandigarh, India. The lyophilized strain was
suspended in the sterile nutrient agar media and incubated at

Table 1. Composition of mucoadhesive microsphere

formulation.

Formulation

code

Metronidazole

(mg)

Assam Bora

rice starch (mg)

Magnesium

stearate (mg)

F1 500 500 50
F2 500 1000 50
F3 500 1500 50
F4 500 2000 50
F5 500 2500 50
F6 500 3000 50
F7 500 3500 50
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37oC for 24 h in anaerobic conditions. One batch of this culture
was harvested on nutrient agar slant and was incubated at 37oC
for 36 h in anaerobic conditions. Culture broth of the following
composition were used in the study: Water for injection
(1500 ml), casein peptone (24 g), soya bean peptone (4.5 g),
meat extract (7.5 g), glucose (4 g), sodium chloride (10 g),
Agar (30 g) and dipotassium phosphate, K2HPO4 (4.5 g) at
pH 7.4 ± 0.2 at 25oC. After testing the pH, broth was distrib-
uted in a series of 27 test tubes (50 ml in each). After filling,
broth was sterilized by autoclave for 15min at 121oC. Agar plate
containing the bacterial strain was prepared as follows: the test
tubes containing broth (50 ml) were inoculated with B. fragilis
suspension. This suspension was mixed on vortex mixture and
poured into Petri dishes (100 mm diameter) and left to solidify
by placing the Petri dishes on a cool horizontal surface under the
laminar air flow. After cooling and solidification, a 12 mm
diameter well was bored in the center of each agar plate by using
a sterilized cork borer. The agar plate was divided into nine
groups (three in each group). In each of the seven groups,micro-
spheres equivalent to 400 mgMTZ were taken from each batch
(F1 -- F7), respectively, and wetted with sterile physiological
solution. In the eighth group, marketed MTZ tablet (Flagyl�,
400 mg) was placed. In the ninth group, sterilized water
(0.25 ml) was used. All the plates were incubated at 37 ±
0.5oC for 36 h. For all incubation time (36 h), themicrosphere’s
behavior was observed and diameter of the inhibition zone was
measured and expressed in mm ± s.d. The results were subjected
to statistical analysis.

2.2.10 In vivo organ distribution study
The animal protocol to carry out in vivo study was
approved by the animal ethical committee and their

guidelines were followed for the studies. Male albino
rats, 7 -- 9 weeks old and weighing 200 -- 250 g, were
used for the study. The animals were kept under standard
laboratory conditions (temperature: 25 ± 2�C; relative
humidity: 55 ± 5%). The animals were housed in polypro-
pylene cages, with free access to standard laboratory
diet (Bengal gram soaked in water). These animals were
divided into three groups of six rats each. The first
group served as control. The second group received
100 mg MTZ. The animals of the third group were given
BAMs (F4) containing an equivalent amount of the
drug. The formulations were orally administrated in sus-
pension form following sufficient volume of drinking
water. After 2, 5, 8 and 12 h, the rats were sacrificed fol-
lowing which the stomach, small intestine and colon
were isolated.

These organs were homogenized by Micro Tissue
Homogeniser (Remi Ltd, Mumbai, India) along with a
small amount of phosphate buffer (pH 7.4); 1.5 ml of
methanol was added to homogenate and kept for 30 min.
After appropriate dilution of supernatants with the mobile
phase, the drug content was determined by the HPLC
method as described under Section 2.2.6, ‘HPLC analysis
of MTZ.’

3. Results

Microspheres formed were sufficiently rigid and SEM image
showed spherical shape with slight rough surface (Figure 1).
The mean particle size for the formulations (F1 -- F7) ranged
from 111 ± 0.012 to 485 ± 0.176 µm (Table 2). Entrapment
efficiency (%) of selected formulations for MTZ is

F1

F4

F5 F6 F7

F2 F3

Figure 1. Scanning electron photomicrograph of different formulations.
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Table 2. Mean particle size and encapsulation efficiency.

Serial no Formulation code Mean particle size (mm) Entrapment efficiency (%)

1 F1 162 ± 0.087 85.49 ± 0.211
2 F2 251 ± 0.010 79.27 ± 0.279
3 F3 111 ± 0.012 75.78 ± 0.389
4 F4 305 ± 0.071 91.29 ± 0.031
5 F5 367 ± 0.098 89.67 ± 0.091
6 F6 425 ± 0.170 87.307 ± 0.371
7 F7 485 ± 0.176 78.29 ± 0.173

Each value represents the (mean ± s.d.) of three determinations.

Table 3. Swelling index bioadhesion time of BAMs.

Formulation code Swelling index* Adhesion time (h)

Water 0.1 N HCl Phosphate buffer

(pH 7.4)

Water 0.1 N HCl Phosphate

buffer (pH 7.4)

F1 44.68 ± 0.751 35.41 ± 0.661 79.92 ± 0.663 17 9 15
F2 49.98 ± 0.965 33.45 ± 0.168 83.36 ± 0.924 17 9 17
F3 54.60 ± 0.705 34.49 ± 0.861 83.92 ± 0.367 17 11 18
F4 54.36 ± 0.965 35.41 ± 0.421 84.82 ± 0.364 19 13 20
F5 56.43 ± 0.345 34.89 ± 0.172 85.92 ± 0.354 21 13 23
F6 57.08 ± 0.345 36.41 ± 0.192 87.89 ± 0.187 21 13 23
F7 58.92 ± 0.364 30.76 ± 0.195 89.87 ± 0.765 21 14 24

*Each value represents the (mean ± s.d.) of three determinations.

BAM: Bioadhesive microsphere.
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Figure 2. Percentage in vitro release from Assam Bora rice starch containing different drug:polymer ratios (F1 -- F7) in

simulated GIT fluid followed by cecal content (control).
GIT: Gastrointestinal tract.
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summarized in the Table 2 which varied from 75.78 ±
0.389 to 91.29 ± 0.031%.
Compressibility index and Hausner’s ratio, the simple,

faster and popular means of predicting flow properties, were
chosen for flow characterization. They were proposed as an
indirect method of determining bulk density, size and shape,
surface area and cohesiveness. The compressibility index and
Hausner’s ratio of the formulated microspheres were in the
range of 10 -- 15 % and 1.10 -- 1.16, respectively.
Results of swelling studies of microspheres in different media

are summarized in Table 3, indicating variable SI of micro-
spheres in water, acidic and alkaline medium with high swelling
in phosphate buffer followed by water and 0.1N HCl.
The BAMs showed good adhesion/retention time (‡ 9 h) in

selected biological media (Table 3). High percentages of

microspheres were retained indicating the excellent
mucoadhesion (which is important for the local drug targeting).

Drug release performance of selected BAMs in different
media (0.1N HCl, phosphate buffer (pH 7.4) and goat cecal
content) at regular intervals of time is depicted in Figure 2.
There was no measurable drug release (10 -- 12.5%)
observed up to 2 h in simulated gastric fluid (pH 1.2), while
at pH 7.4, the MTZ release was quite insignificant (< 25%)
up to 5 h. The percentage release of MTZ from all the for-
mulations at the end of 24 h with goat cecal content was
found to be 89.61 ± 0.03 to 98.67 ± 0.04%, whereas in con-
trol study (without goat cecal contents in the dissolution
media) only 19 ± 0.25 to 24 ± 0.56% of MTZ was released
(Figure 3). This difference was found to be statistically
significant (p < 0.001).

The optimized formulations were further tested for their
bacterial inhibition performance by agar diffusion method.
After completion of incubation period, they were observed
and their zones of inhibition (millimeter) were measured.
Clear zones of inhibition were obtained for formulations
and marketed formulation (Flagyl). The diameter of zone of
inhibition by Flagyl was 12.34 ± 0.67 mm, whereas for the
prepared formulation (F1 -- F7) it varies from 13.43 ±
0.25 to 16.89 ± 0.09 mm (Table 4).

The results of organ distribution indicated that maximum
concentration (67 ± 5.4%) of MTZ was observed after 1 h
in stomach following oral administration of plain MTZ and
in the subsequent hour much less drug reached the small
intestine and afterwards, no drug was found in the colon.
Assam Bora rice starch-based BAMs were observed and found
intact in the upper part of GIT. Approximately 2.5 -- 4.5% of
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Figure 3. Percentage in vitro release from Assam Bora rice starch containing different drug:polymer ratios (F1 -- F7) in

simulated GIT fluid without cecal content (control).
GIT: Gastrointestinal tract.

Table 4. Zone of inhibition.

Formulation code Diameter of zone

of inhibition (mm)

F1 15.89 ± 0.15
F2 16.21 ± 0.89
F3 16.25 ± 0.25
F4 16.89 ± 0.09
F5 14.65 ± 0.45
F6 13.78 ± 0.87
F7 13.43 ± 0.25
Marketed formulation 12.34 ± 0.67
Sterile water 0

Each value represents the (mean ± s.d.) of three determinations.
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total drug loaded was released during its transit through
the upper GIT. After 12 h, the maximum percentage of
drug was observed in the colon (81 ± 1.8%), and very insig-
nificant amount of drug was found in the stomach and small
intestine (Figure 4).

4. Discussion

During the optimization step of BAM synthesis, it was found
that at the stirring speed of £ 800 r.p.m. resulted in the for-
mation of undispersed, aggregated mass of BAMs. Further-
more, at the stirring speed above 1000 r.p.m., small sized
and dispersed BAMs were formed due to the development
of high shear and turbulence. However, the turbulence pro-
duced causes the adhesion of BAMs to the wall of container
and the blade surface. So, the optimized stirring speed was
kept at 800 -- 1000 r.p.m. resulting in spherical and dispersed
microsphere formation.

It was seen that with the increase of Bora rice starch concen-
tration, the size of BAMs was increased. This may be due to
the increase in viscosity of first emulsion, which in turn
increased the droplet size during the second emulsification
process, additionally accumulating starch polymer under the
influence of chemical interactions such as H-bonding. More-
over, entrapment of drug affects the size but did not show lin-
ear relation with the particle size. MTZ, being slightly soluble
in water, has a low tendency to diffuse out of BAM core and,
therefore, high drug loading was achieved with Bora rice
starch. Besides, high entrapment may also be due to inclusion
of drug into hollow hilum of the Assam Bora rice starch.

Values for Carr’s index and Hausner’s ratio indicate good
flow property (USP34-NF29) suggesting that BAMs can eas-
ily be encapsulated and handled during processing. Swelling
property is directly related to bioadhesive capability of

formulation, as reported earlier that adhesive nature and cohe-
siveness polymers are affected by swelling behavior [16,18].
BAMs are anticipated to take up water from the underlying
mucosal tissues by absorption, swelling and capillary action
leading to additive adhesion [19,20]. It may be due to greater
gelling behavior of polymer in alkaline medium and followed
by water and the least in acidic media (due to acidic hydrolysis
of polymer backbone).

Results from the bioadhesion test clearly demonstrate
the effect of physiological pH on bioadhesion of Assam
Bora rice starch-based microspheres with mucus of GIT.
Alkaline pH may be potentiating the binding of a-amylo-
pectin--OH group with mucin of intestinal mucosa. While
presence of acidic pH may lead to acidic hydrolysis of
a-amylopectin--mucin complex as indicated in the result of
low adhesion time in 0.1N HCl. Moderate adhesion time
was seen in water due to the absence of alkaline and acidic
pH. In addition, the results also revealed that as the bioad-
hesive content (Bora rice starch) increases, bioadhesive force
also increases due to the involvement of increased number of
a-amylopectin and mucin molecules.

The in vitro release studies indicate that minimal amount of
drug was released from the Assam Bora rice starch-based
BAMs in the physiological environment of stomach and intes-
tine. Ideally, the oral drug delivery containing the MTZ
should release no MTZ in the physiological environment of
stomach and small intestine. Here, BAMs from Assam Bora
rice starch appears to be promising as it releases the least
amount of MTZ in the physiological environment of stomach
and small intestine. This study shows that release of MTZ in
the physiological environment of colon is due to microbial
degradation of Assam Bora rice starch containing BAMs.
The control study was performed to ensure that drug release
was not due to mechanical erosion which is likely to occur
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because of bowel movements. It is evident from Figure 2 that
formulation F4, having a drug polymer ratio 1:4, was found
to show the better release behavior among the BAMs selected.
Bacterial inhibition studies indicate that the developed

BAMs were therapeutically equivalent to Flagyl with the addi-
tional advantage of sustained/prolonged action and reduced
systemic side effects. In vivo organ distribution study of opti-
mized formulation was performed in order to establish its tar-
geting potential in the colon. The release pattern of MTZ
BAMs as seen in the results within the GIT can be understood
by the protective nature of Assam Bora rice starch. The drug
MTZ was released from BAMs only after reaching the colon
owing to microbial degradation with microbial flora residing
in the colon.

5. Conclusion

Studies reveal that Assam Bora rice starch-based BAM
designed site-specific delivery of model drug (MTZ) may
reduce the side effects of the drug caused by its systemic
absorption when given in conventional forms. The developed
formulation based on this polymer is safe, economical to use
due to easy availability and easy to formulate. Experimental

results demonstrate that Assam Bora rice starch microspheres
exhibited good bioadhesive properties, and MTZ release
from these BAMs was largely due to the microbial degrada-
tion followed by enzymatic, acid and alkali hydrolysis. Also,
MTZ release pattern exhibits slow and extended release over
longer periods of time that showed the potential of Assam
Bora rice starch microspheres to be used as a drug carrier for
an effective colon-targeted delivery system for MTZ-
like drugs and those agents that are effective against colon/
large intestine disease conditions.
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