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ABSTRACT 
The objective of the current investigation is to reduce dosing frequency and improve patient 
compliance by designing and systematically evaluating sustained release micro beads of Nifedipine. 
Frequent administration and variable low bioavailability (40-50%) after oral administration are 
problems of conventional dosage forms of Nifedipine can be attenuated by designing it in the form of 
mucoadhesive microbeads which would prolong the residence time at the absorption site to facilitate 
intimate contact with the absorption surface and thereby improve and enhance the bioavailability. 
Nifedipine-loaded mucoadhesive microbeads were successfully prepared by ionotropic gelation and 
crosslinking technique by using sodium alginate as the hydrophilic carrier in combination with HPMC 
and chitosan polymers as drug release modifiers. Prepared beads were evaluated for particle size, 
swelling ratio, drying rate, drug entrapment, bio adhesion study, invitro release, release kinetic and 
stability study. Particle size distribution of both placebo and drug loaded formulations were measured 
by an optical microscope and particle size of optimized beads was determined by SEM. No significant 
drug-polymer interactions were observed in FT-IR studies.In-vitrodrug release profile of Nifedipine 
micro beads was examined in phosphate buffer pH 6.8 and exhibited zero order kinetic followed 
bysuper caseII-transport.The in vitro wash-off test indicated that the sodium alginate micro beads 
had good mucoadhesive properties.   The drug loaded batches werefound to be stable when stored at 
room temperature for 45 days.Hence the formulated HPMC coatedSodium alginate beadscan be used 
as an alternative and cheaper carrier for the oral controlled delivery of Nifedipine, especially for the 
treatment of angina pectoris and hypertension. 
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INDRODUCTION  
Oral drug delivery is the most desirable 
and preferred method of administering 
therapeutic agents for their systemic 
effects. In addition, the oral medication is 
generally considered as the first avenue 
investigated in the discovery and 
development of new drug entities 
andpharmaceutical formulations, mainly 
because of patient acceptance, 
convenience, and cost 
effectivemanufacturing process. For many 
drug substancesconventional immediate 
release formulations provideclinically 
effective therapy while maintaining 
therequired balance of pharmacokinetic 
andpharmacodynamicprofiles with 
acceptable level of safety tothe patient1.  
Multiple unit dosage forms such as 
microspheres or  micro beads have 

gained in popularity as oral drug delivery 
systems because of more uniform 
distribution of the drug in the 
gastrointestinal tract, more uniform drug 
absorption, reduced local irritation and 
elimination of unwanted intestinal 
retention of polymeric material, when 
compared to non-disintegrating single unit 
dosage form., Microbeads are small, solid 
and free flowing particulate carriers 
containing dispersed drug particles either 
in solution or crystalline form that allow a 
sustained release or multiple release 
profiles of treatment with various active 
agents without major side effects.13 
Nifedipine, a systemic calcium channel 
blocker, is a practically water insoluble 
and light-sensitive drug used in angina 
pectoris and hypertension1. As its 
biologicalHalf-life is about 2 h and is 
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eliminated rapidly; repeated daily 
administrations are needed to maintain 
effective plasma levels2. It shows a low 
and irregular bioavailability of about 50% 
after oral administration with a high first 
pass effect3. It has been suggested that 
drugs with biological half-lives in the range 
of 2–8 h are good candidates for 
sustained-release formulations.9 
 The aim of the present study, which was 
to develop sustained release oral product 
namely microbeads of Nifedipine using 
sodium alginate as the hydrophilic carrier 
in combination with HPMC and Chitosan 
polymers as drug release modifiers in 
various proportions to reduce the dosing 
frequency andthere by  improve the 
patient compliance.Also improve its 
bioavailability by bypassing the first pass 
metabolism because alginate beads 
shrink and unable to swell at acidic 
environment and the encapsulated drugs 
are not released where as they easily 
swell in an alkaline environment and 
release the drug.  
 
MATERIALS AND METHODS 
Nifedipine was a gift sample from 
AlkemPharmaceuticals Ltd, Mumbai, 
India. Sodium alginate and calcium 
chloride were purchased from Nice 
Chemical, Bangalore. HPMC was 
purchased from high media laboratory Pvt 
Ltd Mumbai. Chitosan was purchased 

from yarrow ChemPdt Mumbai. All other 
reagents and solvents used were of 
analytical grade. 
 
Preparation of placebo microbeads: 
Placebo micro beads were prepared 
byionotropic gelation and cross linking 
technique.Prepared 25ml of 2% solution of 
sodium alginate with distilled water by 
stirred it with mechanical stirrer. Add this 
dispersion by using syringe slowly in to a 
beaker containing 50ml of 2% solution of 
calcium chloride which was kept under 
continuous agitation at 100 rpm .Allow the 
beads to be formed by running the stirrer 
15 min. Check the beads under 
microscope. Then rigidize the beads by 
adding 1ml of 25% solution of 
glutraldehyde. Allow the stirring for further 
1 hour 100 rpm. After stirring for one hour 
filter the solution and collect the 
beads.Obtained microbeads were washed 
with water anddried at 50ºC in an 
oven.Total Nine sets of placebo 
microbeads (S1,H1,H2,H3,H4, C1,C2,C3 and 
C4) were prepared for the selection of best 
concentration of polymer solution by using 
sodium alginate alone and combination 
with coating polymers like HPMC, and 
chitosan and calcium chloride used as 
counter ion. The detailed composition of 
the various formulations mentioned in 
table 1. 

 
Table 1: Composition of Placebo Micro beads 

Formulation 
code 

Sodium 
alginate HPMC Chitosan Calcium 

chloride 
Cross 
linking 
agent 

Curing time 

S 2% - - 2% 1% 1 hrs. 
H1 1% 1% - 2% 1% 1 hrs. 
H2 1.25% 0.75% - 2% 1% 1 hrs. 
H3 1.5% 0.5% - 2% 1% 1 hrs. 
H4 1.75% 0.25% - 2% 1% 1 hrs. 
C1 1%  1% 2% 1% 1 hrs. 
C2 1.25%  0.755 2% 1% 1 hrs. 
C3 1.5%  0.5% 2% 1% 1 hrs. 
C4 1.75%  0.25% 2% 1% 1 hrs. 

 
Preparation of alginate- HPMC drug 
loaded microbeads 
 Four batches of drug loaded micro beads 
(F1, F2 F3 and F4) were prepared using 
optimized polymersolution (sodium 
alginate1.75% and 0.25% HPMC) and 
thoroughly mixed with a magnetic stirrer 

for the formation of microbeads, this 
solution was extruded drop wise from a 
needle in to 50ml of 2% aqueous calcium 
chloride solution and stirred at 100 rpm 
.Allow the beads to be formed by running 
the stirrer 15 min. Check the beads under 
microscope. Then rigidize the beads by 
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adding 1ml of 25% solution of 
glutraldehyde. Allow the stirring for further 
1 hour 100 rpm. After stirring for one hour 
filter the solution and collect the 
beads.The obtained microbeads were 
washed with water and dried at 50º C in 
an oven.   The detailed composition of the 
various formulations, were mentioned in 
the table no: - 3 
 
Preparation of alginate- Chitosan drug 
loaded microbeads 
 Four batches of drug loaded micro beads 
(F5, F6, F7 and F8) were prepared using 
optimized polymer solution (sodium 
alginate1.75% and 0.25% chitosan) and 
thoroughly mixed with a magnetic stirrer 
for the formation of microbeads, this 
solution was extruded drop wise from a 
needle in to 50ml of 2% aqueous calcium 
chloride solution and stirred at 100 rpm for 
10mits.Allow the beads to be formed by 
running the stirrer 15 min. Check the 
beads under microscope. Then rigidize 
the beads by adding 1ml of 25% solution 
of glutraldehyde. Allow the stirring for 
further 1 hour 100 rpm. After stirring for 
one hour filter the solution and collect the 
beads.The obtained microbeads were 
washed with water and dried at 50º C in 
an oven.   The detailed composition of the 
various formulations, were mentioned in 
the table no: - 3 
 
EVALUATION OF PLACEBO 
MICROBEADS 
a) Yield of production 
  The yields of production of micro beads 
of various batches were calculated using 
the weight of final product after drying with 
respect to the initial total weight of the 
drug and polymer used for preparation of 
micro beads and percent production yields 
were calculated as per the Formula 
mentioned below. 
 
 
Percentage yield = (practical 
yield/theoretical yield) ×100 
 
b) Measurement of bead size 
The particle sizes of both placebo and 
drug loaded formulations were measured 
by an optical microscope fitted with an 
ocular and stage micrometer and particle 

size distribution was calculated. In all 
measurements at least 50beads in five 
different fields were examined. Each 
experiment was carried out in triplicate.  
 
c) Drying rate study of the beads  
Prepared beads were placed in open 
glass bottles and kept in an incubator 
maintained at 50ºC. Initially, the beads 
were removed at short intervals of time (5, 
10, and 15, up to obtain constant weight). 
These measurements were continued until 
attainment of constant mass and note 
down the temperature and time for the 
complete drying of the beads.  
 
d) Evaluation of swelling ratio 
Swelling ratio was studied by measuring 
the percentage water uptake by the 
beads. About 50 mg of beads from all 
prepared placebo beads were accurately 
weighed and placed in 100 ml of 
phosphate buffer (pH 6.8 and 0.1 N HCl 
(pH 1.2). Beads were removed from their 
respective swelling media after 8 h and 
weighed after drying the surface water 
using filter paper. The water uptake was 
calculated as the ratio of the increase in 
weight of beads after swelling to the dry 
weight.8 

Swelling ratio = 
 swollen w.t -_ initial w.t×100 
              Initial w.t 
 
Evaluation of Drug Loaded Micro beads 
a) Estimation of drug contentand 
encapsulation efficiency. 
Nifedipine content in the microbeads was 
estimated by a UV-spectrophotometric 
method. Accurately weighed 50mg of 
microbeads were suspended in 100ml of 
phosphate buffer pH 6.8.The resulting 
solution was kept for 24hrs. Next day it 
was stirred for 15min. The solution was 
filtered, after suitable dilution, Nifedipine 
content in the filtrate was analyzed at 
235nm using Shimadzu 1201 UV-Visible 
spectrophotometer. The obtained 
absorbance was plotted on the standard 
curve to get the exact concentration of the 
drug. Calculating this concentration with 
dilution factor we get the percentage of 
actual drug content and entrapment 
efficiency. The drug entrapment efficiency 
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was determined using following 
relationship;  
% Drug entrapment efficiency =     
Actual drug content x 100 
Theoretical drug content 
 
b) Loose surface crystal study 
(LSC) 

This study was conducted to estimate the 
amount of drug present on the surface of 
the micro beads which showed immediate 
release in dissolution media. 100mg of 
micro beads were suspended in 100ml of 
phosphate buffer (pH 6.8), simulating the 
dissolution media. TheSamples were 
shaken vigorously for 15min in a 
mechanical shaker. The amount of drug 
leached out from the surface was 
analyzed Spectrophotometrically at 
235nm. Percentage of drug released with 
respect to entrapped drug in the sample 
was recorded.1 

 

c)  FTIR Studies 
 Drug polymer interactions were studied 
by FT-IR spectroscopy. One to 2mg of 
Nifedipine, polymer and physical mixtures 
ofsamples were weighed and mixed 
properly withPotassiumbromide to a 
uniform mixture. A small quantity of the 
powder was compressed into a 
thinsemitransparent pellet by applying 
pressure. The IRspectrum of the pellet 
from 450-4000cm-1 was recorded taking 
air as the reference and compared to 
study any interference.2 

 

c) Scanning electron microscopy 
analysis (SEM) 
The shape and surface characteristics 
were determined by scanning electron 
microscopy (model-JSM, 35CF, jeol, 
Japan) using gold sputter technique. The 
particles were Vacuum dried, coated to 
200 Ao thicknesses with gold palladium 
using prior to microscopy. A working 
distance of 20nm, a tilt of zero-degree and 
accelerating voltage of 15kv were the 
operating parameters. Photographs were 
taken within a range of 50-500 
magnifications.16 

 
h) In-vitro release studies 
In-vitro release studies of prepared micro 
beads were carried out using phosphate 

buffer (pH 6.8) using USP- basket type 
apparatus. Accurately weighed quantity of 
250 mg of prepared micro beads put into 
the basket rotated at a constant speed at 
100rpm and maintained temperature 
37±5ºC in 900ml of the dissolution 
medium (phosphate buffer pH6.8).The 
sample was withdrawn at0.25hrs, 0.5hrs, 
1hrs, 2hrs, 3hrs, 4hrs, 5hrs, 6hrs, 7hrs, 
8hrs, 9hrs, 10hrs, 11hrs, 12hrs, 14hrs, 
18hrs and 24hrs. Each time interval 5 ml 
of sample was withdrawn, at the same 
time 5 ml of fresh dissolution media was 
added to maintain sink condition. The 
withdrawn samples were suitably diluted 
and measure the absorbance at 235 nm 
Spectrophotometrically. Then calculate 
the cumulative percentage drug release at 
regular time intervals.4 

 
i) Release kinetic study  
In order to understand the mechanism and 
kinetics of drug release, the drug release 
data of the in-vitrodissolution study was 
analyzed with various kinetic equations 
like zero-order, firstorderand korsmeyer 
andPeppas equation. Coefficient of 
correlation (r) valueswere calculated for 
the linear curves obtained byregression 
analysis of the above plots.8 

 
j) Mucoadhesion testing by in 
vitro wash-off method16 
The mucoadhesiveproperties ofnifedipine-
loaded sodium alginate beads were 
evaluated by the in vitro wash-off method. 
Freshly excised pieces of goat intestinal 
mucosa (1 cm × 1 cm, collected from a 
slaughter house) were mounted on a 
glass slide (7.5 cm×2.5 cm) using thread. 
About 50 beads were spread out on each 
piece of mucosa and then hung from the 
arm of the tablet disintegration test 
apparatus. The tissue specimen was 
given a regular up and down movement in 
a vessel containing 900 ml of phosphate 
buffer (pH 6.8) maintained at 37 ± 0.5 °C. 
The adherence of beads was regularly 
observed. The beads that remained 
adhered to the mucosa were counted at 
regular intervals for up to 6 h. 
 
% Mucoadhesion =    
 number of adhered micro beads x100. 
Total number of applied micro beads 
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l) Stability studies  
To assess the long term physical stability, 
micro beads from selected batches (F3 
and F7) were filled into a hard gelatin 
capsules manually and wrapped the filled 
capsule with aluminum foil, and put this 
entire packet in to self-sealing 
polyethylene cover. The studies were 
performed at room temperature for period 
of 45 days.  Particle size distribution with 
optical microscope and drug content by 
Spectrophotometrically at 235 nm was 
conducted every 7 days for the entire 
period of stability study. 
 
RESULTS AND DISCUSSION 
The aim of the study is to investigate 
possibility of using sodium alginate 
microbeads coated with HPMCand 
Chitosan as drug release modifiers as a 
sustained release system. We prepared 
microbeads containing Nifedipine by 
ionotropic gelation and cross linking 
method and examined the effects of 
various factors (concentration of sodium 
alginate, concentration of coating 
polymers like HPMC and chitosan and 
concentration of drug Nifedipine) 
 
Production yield 
The yield of all the formulations was within 
the range of74.5 ± 3.01 to 92.2 ± 2.55. 
The values of production yield aredepicted 
in Table-2 and 3 
 
Particle size and entrapment 
efficiencyParticle size analysis of 
different formulations of NifedipineMicro 
beads was carried out using digital 
micrometer. Data is givenin table:2.and 3 

 By increasing the concentration of sodium 
alginate, the mean particlesize of micro 
beadsincreased. From results it can be 
seen thatlarger micro beads were 
obtained by increasing the concentration 
of sodium alginate.As the concentration of 
the sodium alginate increase the particle 
sizeincreases. 
 
Swelling Study 
From the swelling study, it was observed 
thatmicro beads prepared with highest 
alginate concentration 1.75% shows 
highest swelling rate followed by 1.5%, 
1.25%,and finally 1% formulation. The 
probable reason behindthis may be due to 
the percent water uptake of 
alginateincreases with increase in the 
concentration as shown inFig no 2.The 
swelling behavior of sodium alginate micro 
beads coated with different polymers, 
were observed, by increasing the 
concentration of coating polymer ratio 
which enables decreasing of the swelling 
properties of microbeads. Swelling of dry 
microbeads is mainly attributed to the 
hydration of the hydrophilic groups of 
alginate.When we compared the swelling 
ratio of all formulations; the slowest 
swelling ratio was obtained at pH 1.2, 
whereas the highest at increased pH level 
of the medium. These results suggest that 
the dried beads swell slightly in the 
stomach, when theyare subsequently 
transferred to upper intestine, particles are 
began to swell and they behave as 
matrices for sustained release of 
incorporated drug. Data is given in the 
table 2 and 3 

 
Table 2: Physical Characteristics of Placebo Microbeads 

Formulation 
code %  yield Beads size in 

µm 
Drying rate/hr. 

at50ºC Swelling ratio 

S 92 1239.5±2.3 1.10 1800±2.2 
H1 83 1103±3.33 2.25 1690±1.23 
H2 86 1135.4±1.52 2.0 1722.6±2.49 
H3 88 1159.5±1.5 1.75 1874.6±3.4 
H4 90 1203.2±0.8 1.50 1492±0.939 
C1 74 1139±3.3 2.75 1464±0.939 
C2 75 1216.6±1.4 2.50 1492±0.929 
C3 77 1256±2.35 2.20 1681±1.24 
C4 81 1346.8±1.6 2.0 1720±2.19 
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Drug content and entrapment 
efficiency 
The result of drug content indicated 
thatdrug is uniformly dispersed 
informulation. It was observed that, due to 
water insoluble nature of Nifedipine almost 
all the drug is entrapped in the polymer 
matrix resulted in higher drug content and 
encapsulation efficiency.Percentage drug 
loaded and entrapment given in the table 
4. 

Loose surface crystal study 
Loose surface crystal (LSC) study was an 
important parameter giving an indication 
of the amount of drug on the surface of 
the microbeads without proper 
entrapment.This study indicated that 
amount of drug released at 15 minute for 
the immediate action.  Data are given in 
table4. 

 
 

Table 3: Composition and characteristics of drug loaded microbeads 

 
Formulation 

Code 

 
Dru
g in 
mg 

 
Sodiu

m 
algina

te 

 
HPMC 

(%) 

 
Chitosa

n 
(%) 

 
% yield 

 
Beads size 

in 
µm 

 
Swelling ratio at 

pH1.2 

 
Swelling ratio at 

pH6.8 

F1 5 1% 1 - 73 1123±2.23 220 1722 

F2 10 1.25% 0.75 - 76 1143.4±1.42 234 1729 
F3 20 1.5% 0.5 - 80 1172.5±1.3 244 1734 
F4 30 1.75% 0.25 - 83 1223.2±0.9 242 1755 
F5 5 1% - 1 70 1153±2.8 260 1900 
F6 10 1.25% - 0.75 75 1228.6±1.7 265 2176 
F7 20 1.5% - 0.5 79 1276±2.35 272 2372 
F8 30 1.75% - 0.25 81 1353.8±1.8 293 2532 

 
 
 

Table 4: Characterisic of Drug Loaded Beads 
Formulation 

code Drug content Entrapment efficiency 
(%) 

LSC 
(%) 

F1 4.0436+0.03 83.23+1.84 1.949 
F2 8.844+0.016 86.97+1.2 1.113 
F3 18.09+0.02 90.57+0.58 4.300 
F4 27.08+0.02 90.76+0.33 4.34 
F5 4.774+0.03 95.49+1.05 0.14 
F6 8.718+0.14 87.18+0.1 0.159 
F7 16.54+0.04 82.73+0.43 0.213 
F8 24.44+0.37 81.46+0.31 0.35 

 
Drug Polymer Interaction (FTIR) Study 
The   IR spectrum of nifedipine showed 
the peaks 3331.07cm-1 (N-H, str), 
2953.02cm-1 (C=C str), 1678.07cm-1 (C=O 
str), 1529.55cm-1(Ar-NO2symmetricalstr) 
and 1496.76cm-1 (Ar-NO2asymmetricalstr). 
These peaks canbe considered as 

characteristic peaks of Nifedipine and 
were not affected and prominently 
observed in IR spectra of Nifedipine along 
withpolymers as shown in Fig.1-Fig6. The 
spectra indicated no interaction between 
Nifidipine and polymers

. 
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Fig. 1: Nifedipine 

 
Fig. 2: sodium alginate 

 

 
Fig. 3: HPMC 
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Fig. 4: Chitosan 

 

 
Fig. 5: nifedipine , sodium alginate and HPMC physical mixture 

 
Fig.6: Nifedipine, sodium alginate and Chitosan physical mixture 
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Scanning electron microscopy (SEM) 
The morphological evaluation of the 
optimized micro beads formulation 
(sodium alginate micro beads coated with 
HPMC) was done by scanning electron 

microscopy (Figure-7a, 7b). SEM study 
revealed that the microspheres were 
almost spherical in shape with rough outer 
surface. 

 

 
Fig. 7a: shape and size of the beads (F3 ) 

 
Fig. 7b: surface morphology of the drug loaded bead ( F3)  

 
In vitro drug release study 
The In-Vitro drug release studies of the 
different formulations cumulative 
percentage drug release was observed in 
the range of 84.54 – 97.74.  The 
formulations F1- F8 containing 1.75% of  
 

 
sodium alginate and 0.25 % of coating 
polymers like HPMC andChitosan and 
four different concentration of drug 
showed a release  range of 92.38-99.96 . 
Thisindicates that the release rate is 
further retarded due to addition of coating 
polymer. 
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Fig. 8a: In Vitro Drug release studies for Prepared Nifedipine 
micro beads coated with HPMC 
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Fig. 8b: In Vitro Drug release studies for Prepared Nifedipine 

 micro beads coated with Chitosan 
 
Release kinetic study 
All the release data was fitted into various 
kinetic models like, zero order, first order, 
Higuchi, and Korsmeyer-Peppas, in order 
to find out the mechanism of drug release 
from polymeric spheres.                       
The value of ‘n’ gives an indication of the 
release mechanism; when n = 1, the 
release rate is independent of time (zero- 
 

 
order) (case II transport), n = 0.5 for 
Fickian diffusion and when 0.5 < n <1.0, 
diffusion and non-Fickian transport are 
implicated. Lastly, when n > 1.0 super 
case II transport is apparent.Regression 
coefficient and ‘n’ were calculated and is 
given in Table: 4. From the table, the 
value showed that, prepared micro beads 
exhibited zero order kinetics followed by 
super case -II transport. 
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Table 5: Model Fitting Data for In-Vitro Releases Kinetic Parameters of Micro beads 
Formulation 

code 
Zero order 

(R2) 
Higuchi matrix 

(R2) 
Korsmeyerpeppas 

( R2) ‘n’ values 

F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 

0.9475 
0.9423 
0.939 
0.957 

0.9263 
0.9638 
0.9202 
0.9766 

0.9454 
0.9289 
0.9752 
0.9471 
0.9627 
0.9547 
0.9179 
0.9487 

0.932 
0.938 
0.932 
0.962 
0.935 
0.967 
0.945 
0.962 

1.423 
1.981 
1.437 
1..648 
2.26 
2.21 
2.05 
1.58 

 
Ex-vivo mucoadhesion study of 
microspheres 
The results of the ex-vivo mucoadhesion 
study indicatedthat optimized microbeads 
had good mucoadhesive properties.The 
percentage of micro beads attached to the 
mucosaup to 6 hours has been shown in 
figure-3aand 3b. It was found that sodium 
alginate microbeadscoated with HPMC 
show moremucoadhesion property 
(Figure-3a) as compared to other 
formulation. Because combination of both 
the polymersincreases the viscosity; 
produce more viscous gelwhich helps to 
increase adhesion with intestinal 
mucosa.Therefore, it is suggested that 
prepared micro beadsadhere to the 
intestinal mucosa for a prolonged 
periodwhere they release drug in a 
sustained manner beforebeing eroded off. 
Data are given in table 5 
 
Table 5: Percentage mucoadhesion of 
selected formulation (F3&F7) 

Formulation 
code 

% 
mucoadhesion 

F3 92 
F7 90 

 
 
Stability study 
For the developed formulations containing 
Sodium alginate and combination with 
different coatingpolymers were subjected 
to stability studies at room temperature 45 
days. The beads size and drug content 
are determined. Overall, results from the 
stability studies indicated that beads were 
physically and chemically stable for more 
than 45 days.The result are shown in the 
table 6 
 
 
 

Table 6: Stability Studies 
Time 

in  
days 

Evaluated parameters 
Beads size %entrapment 

F3 F7 F3 F7 
7 1172.5±1.3 1256±2.35 90.57+0.58 82.73+0.43 
15 1172.5±1.3 1256±2.35 90.57+0.58 82.73+0.43 
22 1172.5±1.3 1256±2.35 90.57+0.58 82.73+0.43 
30 1172.5±1.3 1256±2.35 90.57+0.58 82.73+0.43 
37 1172.5±1.3 1256±2.35 90.57+0.58 82.73+0.43 
45 1172.5±1.3 1256±2.35 90.57+0.58 82.73+0.43 

 
CONCLUSION 
In conclusion, ionotropic gelation and 
cross linking technique can be used for 
preparation of Nifedipine micro beads 
using sodium alginate and with other 
coating polymers like HPMC and chitosan 
as drug release modifiers.Preparedmicro 
beads shown higher drug entrapment and 
prolonged release characteristics. 
Nifedipine release from micro beads was 
influenced by alginate and coating 
polymer concentration. The beads formed 
have a spherical shape with rough surface 
as evidenced by SEM. FT IR did not 
reveal any significant drug interaction. 
From the in vitro wash off test for 
mucoadhesive strengthdetermination of 
various formulations, it was observed that 
micro beads formulation (F3) exhibits 
greater mucoadhesive strength than other 
formulation (F7).The result of invitro 
release and release kinetic indicated 
sustained release and exhibited zero 
order kinetic followed by super caseII- 
transport. Therefore, one can assume that 
the Nifidipine micro beads are promising 
pharmaceutical dosage forms by providing 
sustained release drug delivery systems 
and improving bioavailability. The entire 
process is feasible in an industrial scale 
and demands pilot study. 
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