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------------------------------------------------------------------------------------------------------------------------------------------ABSTRACT
This investigation describes the effect of polymers and cross linking agent on in vitro release of quercetin from
sodium alginate beads. The formulations were prepared by utilizing 23 factorial designs. Hydrophilic polymer
hydroxy propyl methyl cellulose (15- 24 cps) was used for its gel forming and release controlling properties. The
effect of different concentrations of cross linking agent (calcium chloride) on entrapment efficiency and drug
release profile were investigated. The beads were prepared by changing the experimental variables such as
concentration of polymer and cross linking agent in order to optimize independent variables. The bead
formulations were prepared by Ionotropic gelation method. Quercetin was used as model drug. The prepared
beads were evaluated for its particle size, drug entrapment efficiency and in vitro release. The entrapment
efficiency and particle size was between the range of 16.62% to 72.47% and 0.726 ± 0.0088 mm to 1.179 ± 0.0547
mm respectively. Results reveal that on increasing polymer concentration and cross linking agent, entrapment
efficiency of drug increases with decrease in its release rate. The result indicates the possibility of getting
controlled release system by varying the concentration of polymer and cross linking agent.
KEYWORDS: Sodium Alginate, Calcium Chloride, Ionic Cross linking technique, Quercetin, Factorial Design,
Beads
Corresponding author address- Neha Gulati E-mail: ngulati88@gmail.com Contact no: 09456631266
Received: 20/12/2011
Accepted: 30/12/2011
------------------------------------------------------------------------------------------------------------------------------------------shape and entrap drug within it. The active substance
INTRODUCTION
of this investigation is quercetin, which is flavanoid
Alginates are naturally occurring substances obtained
glycoside and is used for a variety of indications like
from brown seaweed and algae. It is used as a vehicle
for controlled drug delivery. Alginates can be
inflammation, cancer and as a gastroprotective agent.
considered as block polymer which is made up of
[6] Oral bioavailability of quercetin is 2% due to first
mannuronic acid, glucuronic acid and mannuronic –
pass metabolism. Its t1/2 being 0.1-6 hours [7] it is
glucuronic blocks. [1, 2] Addition of divalent ions
used as model drug for the present investigation.
2+
(Ca ) and polyvalent ions to alginate solution cause
The main objective of present study was to evaluate
gel formation due to cross linking. Alginate has
the effect of various concentrations of polymer and
cross linking agent on in vitro release from beads by
several unique properties that enable it to use as
using factorial design.
matrix for controlled release study. [3] These
includes: comparatively inert aqueous environment
MATERIAL AND METHODS
within matrix, high gel porosity which allows high
Materials: Sodium alginate, Calcium chloride
diffusion rates, dissolution and biodegradation of
(CaCl2) and Hydoxy propyl methyl cellulose (HPMC)
system under normal physiological condition. [4, 5]
were obtained from S.D. Fine chem. Ltd. Quercetin
Beads are the microparticles that are spherical in
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was purchased from S.D. Fine chem. Ltd. All other
chemicals are of analytical grade.
Methods:
Factorial design: Alginate beads were prepared
based on 23 factorial designs [1, 2]. The independent
variables are sodium alginate concentration (X1) and
calcium chloride concentration (X2). Drug entrapment
efficiency (Y1) and in vitro drug release (Y2) are
response parameters as dependent variables. (Table 1)
Preparation of alginate gel beads: Alginate gel
beads were prepared by dissolving sodium alginate in
distilled water with agitation to have different
concentration (1%, 2%, 3% w/v). 2% HPMC was also
added in sodium alginate solution. Quercetin was
dissolved in methanol and then methanolic solution of
quercetin was added to alginate solution. Quercetinalginate solution was added drop wise using 22G
hypodermic needle fitted with syringe into different
concentration of CaCl2 solution (2.5%, 5%, and 10%)
at room temperature with continuous magnetic
stirring. After 5min of contact time, the beads were
filtered and air dried. [2]
EVALUATION OF BEADS
Particle size determination: Particle sizes of 30
beads were measured using micrometer for each
formulation and mean particle size was determined.
[8]
Determination of entrapment efficiency: The
volume obtained after filtering the calcium chloride
solution was subjected to UV spectrophotometer and
concentration was obtained at 375.5 nm. The drug
entrapped is calculated by using formula. [9]
Entrapment efficiency =
Total dose – Non entrapped dose X 100
Total dose
In vitro drug release: The release of quercetin was
studied in 900 ml phosphate buffer saline (pH 7.4) as
dissolution media using USP II (paddle type)
dissolution apparatus. [10, 11] The samples were
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withdrawn at an interval of 15, 30, 45, 60, 120, 240,
300 min and replaced simultaneously with fresh
buffer. The collected samples were assayed with the
help of UV spectrophotometer at 375.5 nm. All
measurements were carried out in triplicate and
average values plotted as shown in Figure 1.
RESULTS AND DISCUSSION
Particle size: The formed beads were almost
spherical as shown in Figure 2. The mean particle size
of nine formulations was between 0.726 ± 0.0088 mm
to 1.179 ± 0.0547 mm (mean ± standard deviation). It
was found that the mean particle size was different
among formulations and no significant variation in
particle size of beads prepared by using different
cross linking agents was observed.
Effect of sodium alginate concentration:
As concentration of sodium alginate increases, it
results in increased entrapment of drug from 45.23%
to 70.23%. This is due to more polymer concentration
which will entrap more amount of drug. As
concentration of sodium alginate increases, release of
drug decreases from 87 to 64.36%. This may be
attributed to more polymer concentration due to
which slow release is observed in 6 hours. This is
clearly illustrated in Figure 3.
Effect of different calcium chloride concentration:
The entrapment efficiency was found to be more in
high calcium chloride concentration from 48.67% to
66.7%. This may be attributed to more cross linking,
which will entrap high amount of drug. As
concentration of calcium chloride increases, the invitro release was found to be decreases from 83.03%
to 74.03%. More cross linking will sustain the release
of drug and more amount of drug will be entrapped as
shown in Figure 4.
CONCLUSION
The effect of polymer and cross linking agent on in
vitro release of sodium alginate beads was well
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investigated. The results show that as the
concentration of polymer and cross linking agent
increases, entrapment efficiency increases and release

rate decrease. Thus, it can be concluded that this
technique could be used for development of sustained
release dosage forms.

Table 1: Formulation Table

Factors

Low(-1)

Medium (0)

High (+1)

Sodium alginate

1%

2%

3%

Calcium chloride

2.5%

5%

10%

Table 2: 23 Factorial design table
Batches

Sodium alginate
concentration (X1)

Calcium chloride
concentration (X2)

Entrapment
Efficiency (YI) (%)

In vitro drug
release (Y2)
(%)

F1

-1 (1%)

-1 (2.5%)

16.62

89

F2

-1 (1%)

0 (5%)

57.89

87

F3

-1 (1%)

+1 (10%)

61.18

85

F4

0 (2%)

-1 (2.5%)

64.26

84

F5

0 (2%)

0 (5%)

65

82

F6

0 (2%)

+1 (10%)

66.312

81

F7

+1 (3%)

-1 (2.5%)

68.18

76.109

F8

+1 (3%)

0 (5%)

69.89

60.89

F9

+1 (3%)

+1 (10%)

72.62

56.109
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Figure 1: In vitro drug release profiles of nine
formulations of sodium alginate beads

Figure 2: Photograph of Sodium alginate beads

Figure 3: Effect of polymer concentration on drug
release and entrapment efficiency
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Figure 4: Effect of cross-linking agent
concentration on drug release and entrapment
efficiency
REFERENCES:
1. Takka S., Ocack Omer H, Acarturk Fusun.
Formulation and investigation of nicardipine
hydrochloride alginate gel beads with factorial
design based studies. European J Control Rel
1998;6(3):241-246.
2. Patel RP, Baria AH, Pandya N.B. Stomach
specific drug delivery of famotidine using
floating alginate beads. Int J Pharma Tech Res
2009;1(2):288-291.
3. Fernandez-Hervas MJ, Holgads MA, Fini A,
Fell JT. In vitro evaluation of alginate beads of
diclofenac salt. Int J Pharm 1998;163(1-2):2324.
4. Fwu-Long Mi, Hsing Wen Sung, Shin-Shing
Shyu. Drug release from chitosan-alginate
beads reinforced by a naturally occurring cross
linking agent. Carbohydrates Polymers
2002;48(1):61-72.
5. Kulkarni Anandrao R, Soppimath Kumaresh S,
Aminabhavi Jejraj M. Controlled release of
diclofenac sodium alginate beads cross linked
with glutaraldehyde. Pharmaceutica Acta
Helvetiae 1999;74(1):29-36.

Original Research Article

Asian Journal of Pharmacy and Life Science
Vol. 1 (4), Oct-Dec, 2011
6. Kelly JS. Quercetin. Alternative medicine
review 2011;16(2):172-194.
7. Gao L.,Guiyang, Liu, Xiaoqing, Wang, Fei,
Liu, Yuefang Xu, Jing Ma. Preparation of a
chemically stable quercetin formulation using
nanosuspension technology. Int J Pharm
2011;404:231-237
8. Venktesh Nagsamy D, Ramesh N, Karthick S,
Fakrudeen K.Mohammad ,Uthayakumar B.,
Valliappan R.M., Deepak, Samanta M.K. and
Suresh B., Design and in vitro evaluation of
Alginate beads of Ambroxol hydrochlroride,
Department of Pharmaceutics, JSS college of
pharmacy Ooty, Tamil Nadu.
9. Chapter 12, Jayakrishnan A, Latha MS.
Biodegradable Polymeric Microsphere as drug
carriers, Edited by Jain NK, Controlled and
novel Drug Delivery 1st Edition, reprint 2005.
P. 236.

405 | P a g e Available online on www.ajpls.com

ISSN 2231 – 4423

10. Ko JA, Park HJ, Hwang SJ, Park JB.
Preparation and charecterisation of Chitosan
micropartcles intended for controlled drug
delivery. Int J Pharm 2002;249(1):165-174.
11. Kumbar SG, Kulkarni AR, Aminabhavi TM.
Cross linked gelatin microspheres for
encapsulation of diclofenac sodium: effect of
cross linking agent. J microencap 2002;
19(2):173-180.

Original Research Article

