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Abstract 
 
Purpose: To identify the potential of Assam Bora rice in 
modulation of drug release from the formulated matrix devices 
and demonstrate its utility in pharmaceutical drug carrier 
systems. 
Methods: The hydrogel microbeads were prepared by an 
industrially feasible conventional ionotropic gelation method 
using the blends of pregelatinized Bora rice along with sodium 
alginate as mucoadhesive backbone. The potential of proposed 
natural polymer in modulation of drug release from the 
formulated microbeads was investigated through in vitro 
dissolution test conducted as per SUPAC-MR guidelines 
provided by FDA. Data obtained from in vitro release studies 
were fitted to various kinetic equations to find out the kinetics 
and mechanism of drug release from fabricated microbeads.   
Results: The microbeads were almost spherical, discreet and 

free flowing in a size range of about 0.726±0.008 mm to 

1.16±0.009 mm. The different formulations had variable 
correlation with the different kinetic models under the different 
release environments. 
Conclusion: Assam Bora can be a promising option for 
mucoadhesive controlled drug delivery systems as natural 
substance.  
 
Keywords: Drug delivery, Bora rice starch, Release kinetics, 
Natural polymer. 
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Introduction  
 
Drug delivery technology is one of the 
frontier areas of research in the field of 
science and technology. Considerable 
attention is focused on the development of 
controlled drug delivery systems offering the 
advantages of better therapeutic efficacy and 
easier to comply with than the conventional 
regimens requiring more frequent dosing

1, 2
. 

The concept of mucoadhesive drug delivery 
is to cope the property of mucoadhesion of 
certain polymers with the sustained release 
delivery systems in order to circumvent the 
problem of inability of oral formulations to 
restrain and localize at the site of absorption 
in gastrointestinal tract

2
. A number of newer 

polymers have been investigated in this field 
but only a few of them have found industrial 
application. The biocompatibility and cost are 
the two major limiting factors for the 
industrial use in practice

4
. Use of natural and 

modified natural polymers in the drug 
delivery continues to be an area of intensive 
research despite the advent of several new 
synthetic polymers. Natural polymers 
primarily remain attractive for a number of 
reasons as they are economical, readily 
available, capable of modifications, and 
thereby potentially degradable and 
compatible due to their natural origin

5, 6
. 

 
The pharmaceutical utility of Bora rice, a 
variety of glutinous rice cultivated mainly in 
Assam region, as novel mucoadhesive 
biopolymer is proposed and examined in 
present work. The Bora rice starch 
composed of mainly amylopectin and only 
traces of amylose

7
 (less than 3%); it has the 

free hydroxyl groups that open up possibility 
to be cross-linked with other polymers to be 
used in controlled drug delivery

8
. In this 

study, the Bora rice was used in combination 
with sodium alginate for the preparation of 
drug loaded microbeads by micro orifice 
ionic-gelation technique

9
. Several 

preformulation trials were undertaken, with 
varying the drug-polymer ratio, using varying 
fraction of two polymers, cross-linking with 
different concentrations of cross-linking 

agents and with different cross-linking 
agents, altering the gelatinization conditions 
for Bora rice, altered gel strength, varying the 
stirring speed, adjusting the curing time and 
subjecting the product to different drying 
conditions so as to optimize the product 
characteristics and release profile of the drug 
from prepared gel beads. The metformin 
hydrochloride, an oral antidiabetic drug

10
, 

was used as a model medicament to 
evaluate the sustained release potential of 
Bora rice starch as a natural polymer. 
 

Experimental 
 
Materials  
 
Bora rice was procured from the village near 
to Dibrugarh University and was confirmed 
so by local people. Sodium alginate (Loba 
Chemi Pvt. Ltd. Mumbai), Calcium chloride 
(Qualigens Mumbai, India), Glacial acetic 
acid (Qualigens Mumbai, India), were 
procured from the commercial sources. 
Metformin hydrochloride was kindly gifted by 
Ms Ranbaxy Pharmaceuticals, India. All 
other reagents were of analytical grade 
laboratory reagents and were procured from 
commercial sources.   
 
Preparation of microbeads  
 
The microparticulate drug delivery systems 
were prepared from the gel blend of pre-
gelatinized Bora rice and sodium alginate

4
. 

The rice polymer was gelatinized by thermal 
gelation by autoclaving the aqueous 
suspension of known strength of rice flour at 
121 

o
C for 1 hour

11
. Drug was added to Bora 

rice polymer in a calculated amount and 
ultrasonicated for 30 sec to 1 min. The two 
gels were then blended and homogenized in 
a way to obtain suitable rice sodium alginate 
ratio. The resulting dispersion was added 
drop-wise into calcium chloride solution 
(Figure 1). Beads were allowed 5 – 10 min 
curring time and were washed with a mixture 
of ethanol and acetone, then dried in vacuum 
oven at a temperature below 40 

o
C and 

stored in a desiccator for further use. 
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Figure 1: Preparation of microbeads by ionic-gelation method 

 

Optimized beads with Bora rice backbone 

were coated with hydroxyppropylmethyl 

cellulose (HPMC) using solvent evaporation 

method
12

. Beads were dispersed in 10% 

strength of HPMC in acetone and the solvent 

was evaporated in a rotary evaporator by 

applying vacuum 300 mmHg and rotation 

rate was 50 rpm, then vacuum dried in 

desiccators. All the batches were evaluated 

on the basis of release study. 

 

Estimation of drug 

 

The content of metformin hydrochloride in 

microbeads and its release as a function of 

time was estimated spectrophotometrically 

using an UV spectrophotometer (U2001 

Hitachi, Japan) at 233 nm in aqueous 

medium taking 798 as the value of A (1%, 1 

cm)
10,13

. 

 
Characterization of prepared beads 
 
The prepared beads were studied for the 
drug entrapment, size and size distribution, 
water vapour uptake, mucoadhesion, 
swelling, surface and mechanistic properties 
through phase contrast, scanning electron 
microscopy (SEM), and x-ray diffraction 
(XRD); after primary screening the selected 
formulations were taken forward for further 
investigation of sustained release potential.  
 
In vitro drug release study 
 
The release of metformin hydrochloride from 
the microbeads was studied in aqueous 
medium using USP XXVI Dissolution Test 
apparatus; basket type (Campbell Electro-
nics, Mumbai) at 37± 0.2 

o
C with a rotating 

speed of 50 rpm
13,14

.  A sample of 
microbeads equivalent to 50 mg of metformin 
hydrochloride was used in each test. At 
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preset time intervals 5 ml aliquots were 
withdrawn and replaced by an equal volume 
of fresh dissolution medium. The samples 
were withdrawn through a membrane filter 

(0.45 µm) and were analyzed for metformin 
hydrochloride content spectrophotometrically 
at 233nm using the UV-Visible Spectrophoto-
meter (U2001 Hitachi Inc). The in vitro 
dissolution profile studies for characterization 
of release kinetics were carried as per the 
SUPAC guidelines for the modified release 
dosage forms (CDER-FDA)

 15
. 

 
The concentration of metformin hydro-
chloride was corrected for sampling effects 
according to the following equation: 

 
where, Cn   is the corrected concentration of 
the n

th
 sample,  Mn   is the measured 

concentration of the n
th
 sample, VT is the 

volume of the dissolution medium, VS is the 
volume of the sample withdrawn, Cn-1   is the 
corrected concentration of the (n-1)

th
 sample, 

and Mn-1   is the measured concentration of 
the (n-1)

th
 sample.         

 
Data analysis 
 
Each experiment was conducted in triplicate 
and the mean was taken for further 
interpretation of release kinetics. Statistical 
comparison of data was achieved using 
Student’s t-test (p < 0.05). The 95 % 
confidence interval was calculated for the 
slope of the line when the fraction released 
was plotted as a function of time in different 
kinetic models. Results are given as means 
± standard errors of the mean (S.E.M.). 
 
For comparison of multiple dissolution 
profile, similarity testing was also performed 
using pair wise dissolution data obtained in 
each individual medium by calculating the 
similarity factor (F) as per the SUPAC 
guidelines for modified-release dosage 
forms. This factor is a logarithmic reciprocal 
of square root transformation of one plus the 

average mean squared (average sum of 
squares) differences of drug percent 
dissolved between the two dissolution 
profiles over all time points.  F = 50 x log 1+(1/n) [RJ - TJ]

2 -0.5
x 100

 
where n is the number of dissolution time 
points and RJ and TJ are the dissolution 
values of two dissolution profiles at time t. 
The two dissolution profiles are considered 
similar when F value is in the range of 50 to 
100. 
 
Modeling and comparison of release 
profiles: Data obtained from in vitro release 
studies were fitted to various kinetic 
equations to find out the kinetics and 
mechanism of drug release from fabricated 
microbeads. The drug release data were 
treated mathematically to plot the 
corresponding release graphs for, zero order 
(% CDR Vs time), first order (log % of drug 
remaining Vs time), Higuchi squire root law 
(% CDR Vs squire root of time), Hixson-
Crowell cube root model (cube root of % 
CDR Vs log time) and Korsmeyer’s model 
(log % CDR Vs log time) in order to find out 
the kinetics of drug release

16
. The model of 

best fit was identified by comparing the 
values of correlation coefficients in drug 
release graphs plotted as above under 
different release environments.  
 
Results 
 
The formed beads were almost spherical, 
discreet and free flowing in a size range of 
about 0.726 ± 0.008 mm to 1.16 ± 0.009 mm 
as shown in phase contrast and scanning 
electron microscopy. It was found that 
particle size distribution of each formulation 
was within a narrow range. The drug 
entrapment efficiency of the beads was in 
range of 19 – 53 % depending upon the drug 
polymer ratio, stirring speed, curring time, gel 
strength and medium of microencapsulation. 
Beads exhibited suitable pharmaco-technical 
parameters when evaluated for the kinetics 
of drug release by fitting the in vitro drug 
release data, obtained under the varying 
release environments, to different 
mathematical models provided for characteri- 

C n  =  M n

V T

V T  -  V S

x
C n -1

M n -1
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Table 1: Correlation obtained with different kinetic models 

 

Higuchian plot 
Formulation 

Zero order 
plot [R

2
] 

First 
order 

plot [R
2
] Slope (n) [R

2
] 

Korsmeyer’s 
plot [R

2
] 

Hixson- 
Crowell plot 

[R
2
] 

In 0.1 M HCl 0.8204 0.9641 3.7748 0.9713 0.9687 0.7799 

In water 0.7166 0.9671 3.6965 0.9072 0.8869 0.3792 F1 

In buffer pH 7.4 0.6225 0.9294 3.6217 0.9063 0.8953 0.4883 

In 0.1 M HCl 0.8009 0.9591 3.8143 0.9590 0.9604 0.8467 

In water 0.7283 0.9347 3.6832 0.9158 0.9302 0.6678 F2 

In buffer pH 7.4 0.6389 0.9541 3.4349 0.8602 0.9166 0.6272 

In 0.1 M HCl 0.9003 0.9565 3.9487 0.9908 0.9920 0.8476 

In water 0.7869 0.9343 3.7277 0.9505 0.9595 0.7338 F9 

In buffer pH 7.4 0.6389 0.9601 3.6217 0.9063 0.9403 0.5819 

In 0.1 M HCl 0.6887 0.9269 3.8084 0.8965 0.9112 0.6291 

In water 0.5822 0.9608 3.3579 0.8161 0.8662 0.6092 F10 

In buffer pH 7.4 0.4680 0.9309 4.0269 0.9511 0.9082 0.5784 

In 0.1 M HCl 0.9975 0.7372 3.3079 0.9259 0.9864 0.9281 

In water 0.9706 0.9842 3.7658 0.9387 0.9845 0.8972 
F2 

coated 
In buffer pH 7.4 0.9468 0.9884 3.3079 0.9259 0.9661 0.8604 

 
 

Table 2: Models with highest correlation to drug release pattern in particular release environments 
 

Model (s) with Highest Correlation: Release Environments FORMULATION 

CODE 0.1M HCl Distilled water Buffer pH 7.4 

F1 Higuchi model First order  First order  

F2 Kerseymere’s model First order  First order  

F9 Kerseymere’s model Kerseymere’s model First order  

F10 First order  First order release Higuchi model 

F2 - Coated Zero order release Kerseymere’s model First order  

 

zation of release kinetics. The different 

formulations showed variable correlation with 

the different kinetic models under the 

different release environments as depicted in 

Table 1. The best fit kinetics under the 

particular release environment, as decided 

upon by the correlation coefficient calculated 

from release plots are summarized in Table 

2. 
 

Discussion 
 
Excipients play an important role in 
pharmaceutical formulations as they can 
affect the overall success of a drug 
formulation in therapeutics as well as in 
market affecting the patient compliance, 
regulatory approval, buyer’s/physician’s 
perception and compatibility with the active 
pharmaceutical ingredients. The kinetics of 
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drug release from dosage form are important 
as they influence the dosing interval, 
bioavailability, overall patient compliance and 
in many instance the occurrence of side 
effects or un-toward effects. For a new 
excipient to be used in drug delivery system, 
its capability of modulation of drug release is 
an important and foremost criterion for 
screening

17
. In the present study, Bora rice 

microspheres are composed of polysaccha-
ride rich plant material generally used as 
food source and may be classified as 
‘Generally regarded as safe’ (GRAS). 
Numerous new smart polymers have been 
created and used to develop environment 
sensitive drug delivery systems, but none of 
them have been used in the commercial 
formulations to date because, for first time 
use, these polymers required to be labeled 
as ‘GRAS’ which is a high cost affair

18
.  

 
In this study, the drug entrapment efficiency 
was initially very low for the metformin 
hydrochloride because it, being highly water 
soluble, diffuses out to calcium chloride 
solution at the time of encapsulation or 
during curring. This was improved 
considerably by some changes in the 
encapsulation process as the drug was 
thoroughly mixed with pre-gelatinized starch 
gel to get it to penetrate to the hollow hilum 
of rice granule that hinders diffusion

4, 8
. A 

change in solvent system to dilute acetic acid 
improved drug encapsulation probably due to 
the reason, that the resultant gel backbone 
does not swell in acidic medium so the drug 
can not get out of the matrix easily during 
curring.  
 
The variable release kinetics are exhibited by 
the prepared beads under the different 
release environments which is obvious as 
the swelling behaviour of matrix is dependent 
on the surrounding pH and ionic 
environment. The span of release of 
medicament from the formulations is 
prolonged enough to justify the proposed 
polymer system as a potential drug release 
modulator for controlled release drug 
delivery systems. Drug release kinetics from 
the beads reflects a clue about the effect of 

identified formulation and process 
parameters and of drug release environment 
on to the drug release, that are important 
parameters for the design of controlled and 
target retentive systems. The fabricated 
microdevices in this study, and assessment 
of physico-chemical parameters pointed out 
that the Bora rice is a potential natural 
resource with potential use in the drug 
delivery. Its performance may be better in 
delivery of drugs with variable solubility.  
 

Conclusion 
 
The prepared microbeads have shown 
sufficiently prolonged release of medicament 
justifying the potential of the formulation in 
modulating drug release at variable pH 
environments. A particular absorption 
window can be identified for a drug and 
knowing the drug release kinetics under that 
environment, formulation development can 
be taken forward. This study provides an 
alternative option for synthetic mucoadhesive 
polymers in drug delivery than, with proper 
research efforts, can be comparatively cost 
effective and an import substitute. 
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