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Oral controlled drug delivery systems represent the most popular form of
sustained drug delivery systems for the obvious advantages of oral route of
drug administration. Such systems release the drug with constant or variable
release rates. The oral controlled release systems shows a typical pattern
of drug release in which the drug concentration is maintained in the
therapeutic window for a prolonged period of time (sustained release),
thereby ensuring sustained therapeutic action. They are used as single
dosage form. Present work involves preparation and evaluation of sustained
release of microspheres of Norfloxacin employing sodium alginate as natural
polymer. The technique employed for microencapsulation of the drug is
ionotropic gelation.

INTRODUCTION: A dosage form is the physical form of a
dose of a chemical compound used as a drug or medication
intended for administration or consumption. Common
dosage forms including tablet, capsule, pill, emulsion,
aerosol etc. Notably, the route of administration (ROA) for
drug delivery is dependent on the dosage form of the
substance in question.3

Various dosage forms may exist for a single particular
drug, since different medical conditions can warrant
different routes of administration. For example, the
problem of persistent nausea and emesis or vomiting
may make it difficult to use an oral dosage form, and in
such a case, it may be necessary to utilize an alternate
route such as the ones prevalent now-a -days as
inhalational, buccal, sublingual, nasal, suppository, or
parenteral instead.6
Additionally, a specific dosage form may be a
requirement for certain kinds of drugs, as there may be
issues with various factors like chemical stability or
pharmacokinetics. As an example, insulin cannot be
given orally because upon being administered in this

manner, it is extensively metabolized in the
gastrointestinal tract (GIT) before reaching the blood
stream, and is thereby incapable of sufficiently
reaching its therapeutic target destinations.
Attempts to maintain a steady level of medication
using biodegradable polymers have recently attracted
considerable attention. Because, these polymers are
biodegradable, they do not require retrieval after the
medication is exhausted.
Therefore, they can be fabricated into microspheres,
microcapsules or nanospheres, with the drug
encapsulated in them. Various microencapsulation
techniques for incorporating a bioactive agent into a
microparticle carrier are there 1.
Microparticles are particles between 0.1 and 100 μm in
size. One can encounter microparticles everyday, such
as pollen, very fine sand, and dust. Microspheres are
spherical microparticles, and are used as carriers of
pharmaceutical substances 3.
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However, rapid initial release of the drug, commonly
referred to as burst release, is often observed
immediately after administration of microparticle
delivery systems. Release of the agent from a
microparticle delivery system comprises an initial burst
release from the surface of the device. Much higher
than normal therapeutic levels of medication in the
blood resulting from the burst effect of a microparticle
system are undesirable because they often cause side
effects such as nausea, vomiting, delirium and,
sometimes, death. Similar situations can occur when
the polymer matrix is catastrophically eroded.
Some of the advantages of using microparticles as
sustained release drug delivery systems are an
effective protection of the active agent against
degradation ( e.g., enzymatic) after encapsulation 1.
The possibility to accurately control the release rate of
the incorporated drug over periods of hours to months
an easy administration (compared to the parenteral
controlled release dosage forms such as macro-sized
implants). Desired, pre-programmed drug release
profiles can be provided which match the therapeutic
needs of the patient 2.
A polymer is a large molecule composed of many
smaller units that are bonded together. In addition to
eliminating the necessity of removal, the five key
advantages that polymeric drug delivery products can
offer are; localized delivery of drug, sustained delivery
of drug, stabilization of the drug, release rate which is
less dependent of the drug properties and steadier
release rate with time 10. A large number of
both natural and synthetic polymers have been studied
for possible application in drug delivery. The great
advantage of synthetic polymers is their advantageous
properties and wide choice availability. Both of them
are
biodegradable
and
forms
copolymers
with natural macromolecules.
On the other hand, natural polymers have the
advantage of high biocompatibility and less
immunogenicity. Among the natural polymers studied
a special mention has to be made to collagen, and
gelatin. Other natural polymers include chitosan,
alginate, starch, pectin, casein and cellulose derivatives
4
. The principle of gelation is based on the formation of
tight junction between the glucoronic acid residues of
sodium alginate. Number of apparent cross-linking
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points formed within the Calcium alginate gel beads
increase with increased alginate concentration.
The increase in the apparent cross-linking density
delays the alginate gel disintegration in phosphate
buffer due to retardation of calcium-ion (Ca++)
exchange with sodium (Na+) and eventually leads to
the increase of lag time.
Ionotropic gelation is based on electrostatic interaction
between amine groups of polymer and negatively
charged group of polyanion. Chemical reaction
between sodium alginate and calcium chloride is
utilized in micropellet formation. The gelation of
alginate is caused by formation of an egg box junction
to associate divalent metal ions of alginate polymer
chain. Sodium alginate has been used as matrix
material to achieve a control release drug delivery due
to its hydrogel formation properties. Gelation of an
anionic polysaccharide, sodium alginate, was achieved
with oppositely charged counter ions i.e. Ca++ to form
microparticles which are further sustained using a
divalent polymer.
Drug Profile: (Fig. 1)

FIG. 1: STRUCTURE OF NORFLOXACIN

IUPAC: 1- ethyl- 6- fluoro- 4- oxo- 7- piperazin- 1- yl- 1ti- quinoline- 3- carboxylic acid. Norfloxacin is a white
to pale yellow crystalline powder with a molecular
weight of 319.34 and melting point of 221 C.
Solubility: Freely soluble in glacial acetic acid and very
slightly soluble in ethanol, methanol and water.
Dose: 400mg or 500 mg.
Mode of Action: Norfloxacin is a broad spectrum
antibiotic that is active against both gram positive and
gram negative bacteria by causing cell membrane
protein lysis and preventing bacterial reproduction.
They act by inhibiting DNA Gyrase and are mainly
potent against gram negative bacteria.
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Pharmacokinetics:







Formula: C16H18FN303
Bioavailability: 30-40%
Protein Binding: 10-15 %
Metabolism: Hepatic
Half Life: 3-4 hrs.
Route: Oral

Use: In proven cases of bacteria induced uterine tract
infections.
Microbiology: Norfloxacin has in-vitro activity against a
broad range of Gram positive and Gram negative
aerobic bacteria such as Escherichia coli,
Staphylococcus aureus and Pseudomonas aeruginosa.
Material Requirements:
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4. The aqueous mucilage of sodium alginate is then
stirred in a magnetic stirrer at a suitable speed
(rpm) for 30 minutes.
5. The Drug (Here: Norfloxacin) is dispersed in the
aqueous mucilage of sodium alginate subsequently
and stirred at suitable speed in the magnetic
stirrer.
6. The microparticles are formed by dropping the
bubble free dispersions through a glass syringe
with the help of a needle (size-16/18) into the
gently agitated calcium chloride solution in 100ml.
7. ‘Cure’ the microparticles for 30 mins and then
filtered & washed thoroughly with distilled water.
8. The pellets were then oven dried for 2-4 hrs at
about 50 degree centigrade (fig. 2).
9. Dried at room temperature subsequently for few
hours and used subsequently.

Chemicals: Norfloxacin, Sodium alginate, Calcium
chloride, Potassium hydrogen phosphate, Potassium
hydrogen phosphate, Distilled water.
Equipment, Glasswares, Instruments: Single pan
balance, analytical balance, dissolution apparatus
(paddle type), Magnetic stirrer machine, digital phmeter, hot air oven, UV-visible spectrophotometer,
autoclave, laminar work station, incubator, beaker,
test tube, measuring cylinder, volumetric flask, conical
flask, volumetric pipette, funnel, petridish, glass rod,
tissue/barter paper, syringe (5ml) & needle (size no16/18), cotton plug, aluminium foil, loop.
Method:
Steps involved in the general preparation of
Microparticles by Ionotropic Gelation Technique:
1. First of all, weighed accurately all materials
required for the experiment including the drug
used (Norfloxacin), sodium alginate and calcium
chloride.
2. Distilled water is then added to the weighed
quantity of sodium alginate to make aqueous
mucilage of it in a beaker and allowed to heat for 510 minutes in a hot plate.
3. Following it, distilled water is also added to the
weighed quantity of calcium chloride to make a
solution in it.

FIG. 2: PREPARED MICROPELLETS OF NORFLOXACIN

Preparation of Standard curve of Norfloxacin:
Phosphate Buffer (pH 6.8): 50 ml of 0.2 (M) KH2PO4
was put in a 200 ml volumetric flask, added to a
specified volume of 0.2 (M) NaOH solution (22.4 ml for
pH 6.8) and then added water to volume.
Observation:
For phosphate buffer (ph =6.8) at 278 nm
CONCENTRATION (mcg/ml)
1
2
3
4
5
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ABSORBANCE
0.1654
0.2803
0.5145
0.6441
0.8756
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Formulation
Code
A1
A2
A3

STANDARD CURVE OF NORFLOXACIN IN PHOSPHATE BUFFER PH 6.8
1.2

1
y = 0.1677x

Drug loading
(%w/v)
30 %
30 %
30 %

ISSN: 0975-8232
Sodium Alginate
(% w/v)
2%
2%
2%

Calcium Chloride
(% w/v)
1%
2%
3%

ABSORBENCE

0.8

Series1
Linear (Series1)

0.6

0.4

0.2

0
0

1

2

3

4

5

6

7

CONCENTRATION (mcg/ml)

[Slope of the Standard Curve = 0.1677]

Preparation of 0.1 (N) HCl buffer (pH = 1.2): Weighed
accurately about 8.84 ml HCL and dissolved in 100 ml
distilled water.

Three formulations of microparticles (A1, A2 & A3)
were prepared in identical manner only changing the
amount of calcium chloride in these as respectively 1%
w/v, 2% w/v & 3% w/v. These three formulations were
subsequently subjected to evaluation tests.
Evaluation Tests: The micropellets/microparticles of
Norfloxacin, prepared by the method of ionotropic
gelation are subjected to the following evaluation tests
namely,
1. In-Vitro Drug Dissolution Study

For 0.1 N HCl Buffer (pH =1.2) at 270 nm
ABSORBA
NCE
0.1048
0.1987
0.3077
0.3740
0.4842

CONCENTRATION (mcg/ml)
1
2
3
4
5

2. Drug Entrapment Efficiency (DEE)
3. Swelling Index
4. Susceptibility Test
In-vitro Drug Dissolution Study:

STANDARD CURVE IN 0.1 (N) HCL PH (1.2)
0.7

0.6

y = 0.0971x

ABSORBENCE

0.5

0.4
Series1
Linear (Series1)
0.3

0.2

0.1

0
0

1

2

3

4

5

6

7

CONCENTRATION (mcg/ml)

[Slope of the Standard Curve = 0.10]

Formulations prepared for evaluation:

Method: The in-vitro dissolution study was carried out
using six station dissolution rate apparatus USP at 50
rpm AT 37±0.5oC. The dissolution medium consists of
simulated intestinal fluid for 5 hours. 5ml of the fluid
containing the micropellets in the apparatus were
removed every 30 minutes and an equivalent amount
of fresh dissolution equilibrated at the same
temperature was replaced. The sample withdrawn was
diluted,
filtered
and
analyzed
at
278nm
spectrophotometrically. The plot of percentage
cumulative drug release against time (hrs) is given as
under (table 1-3, graph 1-3).

TABLE 1: IN-VITRO DRUG DISSOLUTION STUDIES
FORMULATION CODE

TIME (in mins)

ABSORBANCE AT 278 nm

CONCENTRATION (mcg/ml)

% DRUG RELEASED

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

30
60
90
120
150
180
210
240
270
300

0.1244
0.2275
0.3122
0.3192
0.3458
0.3461
0.3397
0.3213
0.3211
0.3197

0.777
1.422
1.951
1.995
2.161
2.163
2.123
2.008
2.006
1.998

13.00
23.80
32.62
33.36
36.14
36.17
35.50
33.57
33.54
33.40
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TABLE 3: IN-VITRO DRUG DISSOLUTION STUDIES

PERCENT DRUG RELEASED OVER TIME (A1)
45

40

35

% DRUG RELEASED

30

25

Series1
Log. (Series1)

20

Log. (Series1)
Log. (Series1)

15

10

5

0
0

50

100

150

200

250
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300

350

FORMULATION
CODE
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

TIME
(in mins)
30
60
90
120
150
180
210
240
270
300

ABSORBENCE
AT 278 nm
0.1671
0.2295
0.4484
0.2468
0.2347
0.2316
0.2310
0.2112
0.2104
0.2103

CONC.
(mcg/ml)
1.044
1.434
2.802
1.542
1.467
1.447
1.443
1.320
1.315
1.314

% DRUG
RELEASED
17.45
23.98
46.86
25.78
24.53
24.20
24.13
22.07
21.99
21.97

TIME ( mins )

GRAPH FOR TABLE 1
TABLE 2: IN-VITRO DRUG DISSOLUTION STUDIES
FORMULATION
CODE
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

TIME
(in mins)
30
60
90
120
150
180
210
240
270
300

ABSORBENCE
AT 278 nm
0.1485
0.2527
0.3241
0.3458
0.3808
0.3819
0.3824
0.3849
0.3862
0.3976

CONC.
(mcg/ml)
0.928
1.579
2.025
2.161
2.380
2.387
2.390
2.406
2.414
2.422

% DRUG
RELEASED
15.52
26.40
33.86
36.14
39.79
39.90
39.96
40.23
40.37
40.51

PERCENT DRUG RELEASED OVER TIME (A2)
50
45
40

% DRUG RELEASED

35
30

Series1
Log. (Series1)
Log. (Series1)
Log. (Series1)

25
20
15
10
5

GRAPH FOR DISSOLUTION STUDY OF A3

Drug Entrapment Efficiency: Accurately weighed
microparticles equivalent to 20 mg and suspended in
250 ml of simulated intestinal fluid pH=6.8 and kept for
24 hours. Next day, stirred for 5 minutes and filtered.
After suitable dissolution, drug content was analyzed
spectrophotometrically at 278 nm (table 4). Then Drug
Entrapment Efficiency (%) was determined through
formula;

0
0

50

100

150

200

250

300

350

-5
TIME ( mins)

Drug Entrapment Efficiency = (Actual Drug content /
Theoretical Drug Content) x 100%

GRAPH FOR TABLE 2
TABLE 4: DRUG ENTRAPMENT EFFICIENCY
Formulation code

Drug loading (%w/v)

Sodium alginate (% w/v)

Calcium chloride (% w/v)

DEE (%)

A1
A2
A3

30 %
30 %
30 %

2%
2%
2%

1%
2%
3%

42. 22 %
54.84 %
37.52 %

Absorbance values of 20 mg of dissolved formulations
at 278 nm.
PREPARATION
20 mg A1 in 250 ml buffer
20 mg A2 in 250 ml buffer
20 mg A3 in 250 ml buffer

FORMULATION
A1
A2
A3

ABSORBANCE
1.61744
2.09828
1.42830

RESULTS:
Swelling Index: About 10mg of the prepared
micropellets (A1, A2 and A3) were taken and dissolved
in a sufficient quantity of phosphate buffer pH 6.8. The
initial weight is measured and followed by the swelled
weight after dipping the microparticles in the buffer
solution.
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Time interval of the readings is taken as 10 mins. A plot
of percent % swelling versus time was plotted for A1;
A2 & A3 (table 5, fig. 3).
Susceptibility Test: Dilution Technique for the
determination of Minimum Inhibitory Concentration
(MIC) of the antibiotic drug against the test organism
like E. coli, S. aureus and P. aeruginosa. Quantitative
methods are used to determine antimicrobial MICs.
These MICs provide estimates of the susceptibility of
bacteria to antimicrobial compounds.
TABLE 5: SWELLING INDEX VALUES
TIME (min)

A1 % swell

A2 % swell

A3 % swell

0
10
20
30
40
50
60
70
80
90
100

0
14
24
29
34
39
46
50
55
61
63

0
16
20
25
31
36
45
49
54
62
67

0
18
29
39
49
62
69
73
77
80
81
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2. Poured 10 ml per test tube and applied cotton
plugs.
3. Autoclaved at 121oC, 15 lbs pressure for 15-20
minutes. Then the samples were allowed it to cool.
4. Added loopful of culture of E. coli and Lactobacillus
sp.
5. Then added different measured amounts of
microparticles in the different test tube keeping a
blank, one positive control and one negative
control.
6. Incubated for 24 hours. Next day, checked for
bacterial
growth
visually
of
through
spectrophotometric method.
RESULTS & DISCUSSION: Chemical reaction between
sodium alginate and calcium chloride to form calcium
alginate was utilized for formulation of microspheres.
A1 & A2 exhibited similar swelling profiles whereas A3
show greater swelling compared to other two
formulations. The cultures of Escherichia coli were
found to be sensitive to the microparticles of
Norfloxacin in the formulations. A2 formulation
showed best sustained release amongst the three
formulations releasing about 40.51 % in 5 hrs.
A. Drug entrapment efficiency (A1) = 42. 22 %
B. Drug entrapment efficiency (A2) = 54.84 %
C. Drug entrapment efficiency (A3) = 37.52 %

FIG. 3: SWELLING INDEX VALUES

The MICs should be determined using a standardized
procedure. Standardized procedures are based on a
dilution method (nutrient agar medium based) or
equivalent with standardized inoculum concentrations
and standardized concentrations of Norfloxacin
powder. The MIC values should be interpreted
according to the following criteria;
Method:
1. Prepared a Nutrient Broth medium at pH 7.0 using
peptone, beef extract and distilled water.

CONCLUSION: Sustained release microparticles were
successfully prepared employing ionotropic gelation
technique where the natural water soluble polymer,
namely, sodium alginate prolongs the release of the
drug. The method of preparation was found to be
simple and without the use of organic solvents.
Micropellets prepared are spherical in shape and
having a porous surface.
The Drug Entrapment Efficiency of formulation A2
prepared with 2%w/v calcium chloride showed the
best result of around 55 %. This could have been
further improved upon by the use of co-polymers. The
micropellets were found to be effective in sustaining
the drug release with the formulation A2 releasing
around 40.51 % drug in 5 hours. Drug release is
diffusion controlled and follows first order kinetics. The
process of drug release from the polymer-dry matrix is
through gelation of the polymer.
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Swelling studies showed A3 getting swelled up fastest
while A2 exhibited least swelling and this fact is
corroborated with the faster dissolution of formulation
A3 and the sustained release effect shown by A2 in the
In-vitro Dissolution study.
The antibiotic sensitivity test performed through
determination of MIC (Minimum Inhibitory
Concentration) of Norfloxacin revealed
the
antimicrobial nature of this antibiotic drug against
strains of E. coli, S. aureus even in low concentrations
ranging in mcg/ml limits.
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