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/ABSTRACT \
," Objective .
Present investigation describes the preparation of Aceclofenac microspheres by ionic cross linking technique
followed by characterization of microspheres to evaluate the effect of polymer concentration and different
crosslinking agents on physical properties and drug release profile of microspheres.

Methods

Aceclofenac Microspheres were prepared with polymer, sodium alginate at various concentrations using ionic cross

linking agents Calcium Chloride (CaCl,), Barium Chloride (BaCl,) and Aluminum Sulfide (Al (SO4) 3). The

microspheres were developed and the effect of sodium alginate concentration, cross linking agents was evaluated

with respect to entrapment efficiency, particle size, surface characteristics and in vitro release behaviors with the

incorporation efficiency. The solid microspheres were characterized by sieve analyzer, scanning electron microscope,

differential scanning calorimetry, and in vitro drug release.

Results

The infrared spectroscopic study confirmed the absence of any drug polymer interaction. Differential scanning

calorimetric analysis revealed that the drug was molecularly dispersed in the alginate microspheres matrices showing

rough surface, which was confirmed by scanning electron microscopy study. The mean particle size and entrapment

efficiency and in vitro release profile could be altered significantly by changing various formulation parameters to

give a sustained release of drug from the microspheres.

Conclusion

It can be concluded that the formulation prepared by ionic cross linking method, has potential to deliver Aceclofenac

in a controlled manner in a regular fashion over an extended period of time in comparison to all other formulations

+ and can be adopted for a successful oral delivery of Aceclofenac for safe management of hypertension. 1
\\ Keywords: Sodium alginate, Aceclofenac (pure drug), lonic crosslinking technique. /
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INTRODUCTION

In the present study a non-steroidal anti-
inflammatory drug Aceclofenac has been chosen as
model drug [1]. Aceclofenac, (2-[2-[2-(2, 6-
dichlorophenyl) aminophenyl] acetyl] oxyacetic
acid) a non-steroidal anti-inflammatory drug
[NSAID] has been indicated for various conditions
like post-traumatic pain, rheumatoid arthritis,
ankylosing spondylitis. The molecule is practically
insoluble in water, but almost totally absorbed from
the gastrointestinal tract, its biological half-life is
4hrs and administered twice daily with a single
dose of 100mg. To overcome the side effects
associated with conventional administration of
NSAIDS and increase the patient compliance,
controlled release dosage forms have been
formulated in the form of Single Unit and Multiunit
dosage forms. Compared to Single Unit dosage
forms, Multi unit drug delivery system avoid the
variations in gastric emptying and different transit
rates through the gastrointestinal tract[2], release
drugs in a more predictable manner, and spread
over a large area preventing exposure of the
absorbing site to high drug concentration on
chronic dosing. Several synthetic polymers have
been used to formulate multiunit dosage forms.
Recently, much research efforts have been
concentrated to develop drug-loaded microspheres
using sodium alginate [3], a natural polymer
obtained from marine brown algae, because of
simple, mild and eco-friendly preparative and
received much attention as a vehicle for controlled
drug delivery. Drop wise addition of aqueous
alginate solution at different concentration to the
aqueous solution containing calcium ions and/or
other di and polyvalent cations causes spherical gel
formation termed as alginate bead. Alginate is
known to be nontoxic when taken orally and also
have a protective effect on the mucous membranes
of the upper gastrointestinal tract. The dried
alginate [4-10] beads have the property of
reswelling and thus they can act as controlled
release system. Their reswelling property is
susceptible to pH, which protects the acid sensitive
drug from gastric juice.

As previously reported, the Aceclofenac
microspheres prepared by emulsion solvent
evaporation [11] method utilize larger volume of
organic solvents, which are costly and hazardous

because of the possibility of explosion, toxicity and
air pollution. The aqua based ionic crosslinking
technique can provide characteristic advantages
over conventional microspheres  preparation
methods. The effects of factors, such as sodium
alginate concentrations, crosslinking agents, drying
conditions, on the morphology of and drug release
from microspheres were studied. Drug polymer
interactions in the solid state were studied by
infrared spectrophotometry (IR) and differential
scanning calorimetric analysis (DSC) and the
surface characteristics were evaluated by scanning
electron microscopy (SEM).

MATERIAL AND METHODS

Aceclofenacwas procured from Yarrow Chem.,
Mumbai, India, Sodium alginate was purchased
from Finolex Ltd. Ahmedabad, Calcium Chloride,
Barium Chloride, Aluminium Sulphide purchased
from Molychem Ltd Mumbai India. All other
chemicals and solvents were analytical grade
satisfying pharmacopoeia specifications.

Method of Preparation

The microspheres were prepared by ionic cross-
linking technique[12] using the formulations as
shown in Table 1 .The solutions comprising 2% to
4% wi/v sodium alginate were prepared by initially
dissolving the polymer in deionized water using
gentle heat, it was stirred magnetically. On complete
solution, an accurately weighed quantity of
Aceclofenac was added to each solution to make
homogeneous dispersions and these dispersions were
sonicated for 30 min. The sodium alginate-drug
dispersions (50 ml) were added drop wise via a 20-
gauge hypodermic needle was fitted with a 10 ml
syringe into 100 ml of 5% wi/v of cross-linking
agents, and being stirred at 200 RPM for 20 min. The
cross-linking agents were used CacCl,, Al, (SO,) ; and
BaCl,. The droplets from the dispersions instantly
gelled into discrete Aceclofenac -alginate matrices
upon contact with the solution of cross-linking agents.
Then stirring was continued to formed alginate
microspheres for an additional 1 h. On completion
stirring, it was decanted and the microspheres were
washed with 3 x 100 ml volumes of deionized water.
The microspheres were thereafter dried at 75°C for 2
h in a hot-air oven.
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Table 1: Formulation of Aceclofenac with Sodium alginate Microspheres

Formulation Aceclofenac Sodium Alginate Cross linking agents
Code %ow/v Yow/v %ow/v

A 25 25 CaCl,

B 25 3.0 CaCl,

C 25 35 CaCl,

D 25 4 CaCl,

E 25 3.5 BaCl,

F 2.5 35 Al; (SOy) 3

Morphology and Size Distribution

The shape and surface morphology of
microspheres [13] were investigated using Jeol,
SEl, scanning electron microscope at 5 kv. Prior to
examination samples were gold coated under
vacuum to render them electrically conductive. The
alginate microspheres were not subjected to SEM
studies after release study because they converted
to gel type of matrix when the dissolution was
carried out.

Size distribution [14] of the Losartan loaded with
sodium alginate microspheres were measured by sieve
analysis. The alginate microspheres were separated
into different size fractions (% weight fraction) by
sieving for 5 min using standard sieves having
nominal mesh apertures of 1.4 mm, 1.2 mm, 1.0 mm,
0.85 mm and 0.71 mm (sieve no. 12, 14, 16, 18 and
22, respectively). The particle size distributions of the
microspheres were determined and the mean particle
sizes of microspheres were calculated using the
following formula.

mean particle size of the fractionx Weight fraction

Mean Particle Size =Y,

Determination of
efficiency

drug incorporation

Drug loaded alginate microspheres 30 mg of
each batch was placed in 100 ml conical flask
containing 50 ml of phosphate buffer of pH 7.4.
The microspheres were magnetically stirred to
promote swelling and the breakup of the cross-

Weight fraction

linked structure and it was filtered through a 0.45
pm membrane filter. Then the drug was quantified
at 206 nm spectrophotometrically after appropriate
dilution with phosphate buffer of pH 7.4. The
incorporation efficiency was determined by the
following empirical relationship:

A
Drug incorporation efficiency (%) = AQ x 100

Where AQ is the actual quantity of drug present
in the microspheres and TQ is the 100% theoretical
quantity of drug present in the microspheres (i.e.,
actual initial loading dose).

Infrared spectroscopy

The drug-polymer interactions were studied by
infrared spectroscopy. The IR spectra were
recorded between 500 to 4000 cmfor pure
Aceclofenac, blank alginate microspheres and
Aceclofenac-loaded alginate microspheres from
KBr  pellet using Perkin Elmer-883 IR
spectrophotometer.

TQ

Differential scanning calorimetry

The DSC thermal analysis was recorded on a
Universal V 25 H differential scanning
calorimeter. The DSC studies on the samples were
performed by heating samples at a heating rate of
10°C/min over a temperature range of 50-300°C in
closed aluminum pans. The samples included pure
Aceclofenac  and losartan -loaded alginate
microspheres.

In vitro Dissolution Testing

The in vitro dissolution studies were performed
in a fully calibrated six station dissolution test
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apparatus (37 £ 0.5°, 50 rpm) using the USP
rotating basket method in phosphate buffer media
(pH 7.4, 500 ml). A quantity of alginate beads
equivalent to 100 mg Aceclofenac for each
formulation was employed in all dissolution
studies. The samples of 5 ml each were withdrawn
[15] at predetermined time interval and were
replenished immediately with the same volume of
fresh prewarmed phosphate buffer maintaining sink
condition throughout the experiment. The aliquots,
following suitable dilution, were analyzed
spectrophotometrically at 256 nm.  The
concentrations of losartan in the test samples were
calculated using a regression equation (Absorbance
= 0.007 + 0.0709 x concentration, R? = 0.999) of
the calibration curve in phosphate buffer of pH 7.4.

RESULTS AND DISCUSSIONS

The mean particle size of the various
formulations of alginate microspheres was between
0.715 £+ 0.007 to 0.890 + 0.008 mm, shown in
Fig.1. The results indicated the proportional
increase in the mean particle size of the
microspheres with increasing amount of sodium
alginate in the formulations A, B, C and D. This
could be attributed to an increase in the relative
viscosity at higher concentration of sodium alginate
and formation of large droplets during the addition
of the polymer solution to the cross-linking agents.

The incorporation  efficiency, increased
progressively with increasing sodium alginate
concentration Fig. 2. This may be attributed to the
greater availability of active binding sites in the
polymer chains and, consequently, the greater
degree of cross-linking as the quantity of sodium
alginate increased [16]. The incorporation
efficiencies were generally higher for the
formulations cross-linked with  Aly(SO,); and
BaCl, as compared to the beads cross-linked with
CaCl,. This may be attributed to the formation of
nonporous alginate beads due to increase in the
apparent cross-linking density in presence of
AP and Ba?* which prevent the diffusion of the
drug out of the beads at the time of curing. The low
incorporation efficiency of alginate beads cross-
linked with Ca® could be attributed to the
formation of porous beads, ensuring the diffusion
of the drug out of the beads at the time of curing.

Morphology of the various formulations of
alginate microspheres prepared was found to be

discrete and spherical in shape. The SEM
photomicrographs  of the dried alginate
microspheres are shown in Fig.3-8.The surface of
the alginate microspheres was rough due to higher
concentration of drug uniformly dispersed at the
molecular level in the alginate matrices.

The sodium alginate was used at four different
concentrations: 2.5 (A), 3.0 (B), 3.5 (C) and 4.0 (D)
% wi/v. It is observed from the Fig.9 that the
steady state release was achieved after an initial lag
time and it was directly proportional to the
concentration of sodium alginate. Which can
elucidate as sustained effect by increasing the
concentration of sodium alginate. This type of
release behavior agreed with the pulsatile release
pattern. The pulsatile [17] drug release is defined as
the rapid release of a certain amount of drug within
a short time period immediately after a lag time.
The pulsed release pattern could be controlled by
the disintegration of alginate gel in phosphate
buffer. The disintegration of alginate was
monitored by the exchange of Ca?* with Na* in the
dissolution medium. The dissociation of alginate
beads in phosphate buffer and the drug release
mainly depend upon drug diffusion through the
small pores and cracks, so it reveals sodium
alginate concentration in the formulation greatly
influenced the steady state release of losartan from
the alginate beads. The mechanism of gelation or
cross-linking of sodium alginate with calcium
chloride is solely based on the formation of tight
junction between the glucuronic acid residues [18-
19]. The number of the apparent cross-linking
points formed within the calcium alginate gel beads
increased with increasing alginate concentration in
the formulation. This increase in the apparent
cross-linking density delayed the alginate gel
disintegration in phosphate buffer due to the
retardation of Ca?'exchange with Na* and
eventually increasing lag time. By increasing
alginate gel density per unit volume was also a
cause to affect the decreased pore size within the
gels, and thus release Aceclofenac becomes slow.

Then release profile of alginate microspheres
with different cross-linking agents depend upon the
valance and the size of the cations of the respective
cross-linking agent [20]. To investigate this aspect,
the sodium alginate (3.5% w/v) beads were
prepared via cross-linking in 5% w/v solution of
CacCl, (C), Al»(SOy); (E) and BaCl, (F),
respectively. Their release profiles in phosphate
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buffer of pH 7.4 have been well depicted in
the (Fig.9). The pulsatile release pattern was
observed in all cases. The steady state release was
achieved after 245 h for Ca*-alginate
microspheres, 3.5 h for Ba**-alginate microspheres
and 5.0 h for Al**-alginate microspheres. It can also
be explained, inside the alginate matrices cross-
linking agent Ca®* and Ba?*, being divalent forms
two-dimensional bonding structure with sodium
alginate. But, Ba®" has largest size (1.74 A°) as
compared to the other two cations (1.14 A° for
Ca®" and 0.68 A° for AI*"), it is expected to form
strong alginate microspheres with smaller voids
and low water uptake. In case of Ca?*-alginate
microspheres, the smaller size of Ca** as compared
to Ba®" ensure rapid removal of Ca*" as calcium
phosphate from the microspheres due to ion-
exchange process with Na® of phosphate buffer
medium and thus leading to higher water uptake
and quick release. Similarly the exchange of larger
Ba*" in the microspheres with Na* of dissolution
medium (phosphate buffer, pH 7.4) and also their
removal in the form of insoluble barium phosphate
was hindered, thus lead to delayed swelling of the
microspheres and slow release. In case of three-
dimensional  bonding  structure  Al**-alginate
microspheres, results in extended cross-linking
through the whole microsphere producing hard
alginate microspheres with low water uptake and
thus leading to slow removal of AI** due to ion-

0.9 -
S s 0.722
= n:? . 0.605
“ 0.6 0526
S 0.5
T g4 -
QE- 0.3 -
g 0.2
= 01 -
o - T T T
A B C D E F

Formulations

Fig 1: Mean Particle Size with different
polymer conc.

exchange with Na® in the phosphate buffer, which
delayed swelling of the beads leading to slow
disintegration.

The stability of Aceclofenac in the alginate
microspheres was investigated by infrared
spectroscopy study (IR). I.R spectrum of
Aceclofenac shows prominent peaks of secondary
amine at 3316.3cm-1, ester stretching at 1770.5cm-
1, Carboxylic vibration at 1717.4cm-1 and the
presence of two C-CI stretching at 749.2cm-1 and
662.5cm-1. Comparison of I.R spectrum of drug
loaded alginate microparticles (ALG) shows the
presence of all the peaks of drug with a little
shifting of secondary amine peaks in 3318.3cm-1.
It indicates that drug and excipient (polymer)
interaction was not seen in the formulation.
Similarly, different ionic crosslinking agents used
for preparation of alginate microspheres also
indicate that the drug was stable. It has been shown
in Fig. 10-13.

The DSC thermo-grams [21] of pure drug and
drug-loaded alginate microspheres prepared with
different cross-linking agents are shown in Fig.14-
17. Losartan exhibited a sharp endothermic peak at
170°C corresponding to its melting point. The peak
of the drug did not appear in the thermo- gram of
any type of the prepared microspheres containing
the drug. It may indicate that the drug was
uniformly dispersed at the molecular level in the
microspheres as observed by SEM analysis Fig.3-8.
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Fig. 3 Fig. 4

Fig. 5 Fig. 6

Fig. 7 Fig. 8

Fig. 3-8: SEM Photograph showing surface morphology of Aceclofenac loaded with Sodium alginate loaded

microspheres with different Crosslinking Agents [Fig 3 & 4: With CaCl,, Fig5&6: WithBaCl,,Fig7 &
8: with Alx(SOy)3 ]
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Fig 9: Effect of sodium alginate conc. with various cross linking agent on release pattern of Aceclofenac
microspheres.
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Fig 16: DSC spectra of drug+SA+BacCl,

CONCLUSION

It can be concluded from the above
investigation that it is important to achieve high
encapsulation efficiency and to control the release
of losartan from alginate microspheres. All
formulations showed pulsatile release pattern. The
alginate microspheres swelled and eventually
disintegrated in phosphate buffer of pH 7.4. At the
end 100% of losartan was released in the
dissolution medium. Therefore, more formulation
studies are to be designed for getting best
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Fig 17: DSC spectra of drug+SA+ Al,(SO,)3
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