
Summary

Indomethacin-loaded alginate microspheres were
prepared by the ionic cross linking technique using
calcium chloride. The effect of calcium chloride
concentration was evaluated with respect to the size,
entrapment efficiency and shape (sphericity) of the
particles. The entrapment efficiency and in vitro release
profiles were found to be altered by changing various
formulation parameters. The desired indomethacin in vitro
release profile (as per USP specifications for extended
release formulations) was obtained from microspheres
prepared from gel containing 2% of sodium alginate and
2% of methyl cellulose hardened in 3% calcium chloride
solution. The kinetic modeling of the release data
indicated that indomethacin release from alginate
microspheres followed Higuchi model and the release
mechanism was diffusion. FTIR study confirmed the
absence of any drug polymer interaction. DSC and XRD
studies revealed that the crystallinity of the drug decreased
when loaded in the alginate microspheres. The
pharmacokinetic parameters were also evaluated in
rabbits using HPLC technique and it was found that
indomethacin loaded microspheres showed increased t1/2
and AUC values. Ke value was less than that of pure drug.

This confirmed controlled release of the drug from
microspheres leading to more residence time in the body
within the therapeutic range providing longer duration of
action which is preferable in chronic treatment of the
diseases.
Key words: indomethacin • controlled release • Fickian
diffusion • pharmacokinetics

Souhrn

Alginátové mikrosféry s indomethacinem byly pfiipraveny
intovou gelací za pouÏití chloridu vápenatého. Byl
hodnocen vliv koncentrace chloridu vápenatého na
velikost, enkapsulaãní úãinnost a sféricitu pfiipraven˘ch
mikroãástic. Bylo zji‰tûno, Ïe zmûnou rÛzn˘ch
formulaãních promûnn˘ch lze mûnit enkapsulaãní
úãinnost i disoluãní profil mikrosfér. Optimální in vitro
disoluãní profil indometacinu (podle USP specifikace
s prodlouÏen˘m uvolÀováním) byl dosaÏen ze vzorku
obsahujícího 2 % natrium-alginátu a 2 % methylcelulosy
tvrzeného v 3% roztoku chloridu vápenatého. Dle
kinetického modelování disoluãních dat byl Highuchi
difuzní model vybrán jako vhodn˘. Dle FTIR studie
nebyly potvrzeny Ïádné interakce mezi sloÏkami
mikroãástic. DSC a XRD studie odhalily, Ïe krystalinita
léãiva inkorporovaného do mikroãástic byla niÏ‰í ve
srovnání s ãist˘m léãivem. Farmakokinetické parametry
byly získány na základû in vivo testÛ na králících
s pouÏitím HPLC techniky. Bylo zji‰tûno, Ïe
indomethacinové mikrosféry prokázaly vy‰‰í t1/2 a AUC
ve srovnání s indomethacinovou suspenzí. Jednoznaãnû
bylo tedy prokázáno fiízené uvolÀování léãiva z mikrosfér,
poskytující del‰í pÛsobení léãiva v terapeutickém
rozmezí, které je v˘hodné zejména v léãbû chronick˘ch
onemocnûní
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Introduction

Indomethacin is an important
indole acetic acid non-steroidal anti-
inflammatory drug which is used in
the treatment of rheumatoid arthritis
and other severe inflammatory
diseases1, 2). Indomethacin is an
inhibitor of prostaglandin synthesis
and is used for several inflammatory
diseases, but in recent years indomethacin has also been
recommended as the treatment of choice for low birth
weight infants with ductus arteriosus. Patients with
Bartter’s syndrome have been treated successfully with
indomethacin. 
Indomethacin decreases the duration of morning

stiffness. It relieves pain, reduces swelling and tenderness
of the joints. In these actions it is 10 to 40 times more
potent when compared to other salicylates. The main side
effects of indomethacin are ulceration of the entire upper
GIT, sometimes with perforations and hemorrhage and
these associated adverse effects are due to initial high
plasma concentration3) and are dose-related4). Occult
blood loss may lead to anemia in the absence of
ulceration4). In the case of rheumatoid arthritis, the
frequent administration of the drug into the intra-articular
cavity is very difficult. Oral conventional dosage forms
are administered three or four times a day to maintain
adequate and effective therapeutic concentration in blood,
which is responsible for the occurrence of high initial
peak plasma concentrations. However, it fails to protect
the patients against morning stiffness5).The incidence and
severity of side effects with indomethacin can limit its
therapeutic activity. So controlled release is better to avoid
the incidence and severity of side effects, moreover
indomethacin fulfills many biopharmaceutic charac -
teristics required for controlled release, as apparent
partition coefficient of the drug is 1, dissociation constant
of indomethacin is 4.5, which is ideal for acidic drugs,
stable in the GI environment, it is not absorbed by carrier-
mediated transport processes, it is rapidly and almost
completely absorbed from the gastrointestinal tract after
oral administration6). The aim of this work is to formulate
and characterize alginate microspheres for the controlled
delivery of indomethacin and to carry out pharma -
cokinetic evaluation of the optimized formulation.

Materials and methods

Indomethacin (gift sample from Dr. Reddy’s labs,
Hyderabad, India), sodium alginate, calcium chloride and
methylcellulose(Loba Chemie Pvt. Ltd., Mumbai, India). All
the chemicals, solvents and reagents were of analytical grade.

Preparation of alginate microspheres7)

Indomethacin alginate microspheres were prepared by
ionotropic external gelation technique. Sodium
alginate/methyl cellulose dispersion was prepared by
dispersing specified quantity of sodium alginate and methyl
cellulose in a specified quantity of distilled water with
vigorous stirring and the specific quantity of indomethacin
was dispersed with vigorous stirring (Table 1). 

The indomethacin polymer mixture was added slowly
drop by drop with the help of a 20-gauge hypodermic needle
fitted with a 10 ml syringe into calcium chloride solution,
which resulted in the formation of microspheres. The
microspheres were left aside for two hours in the calcium
chloride solution, filtered and rinsed with distilled water.
The microspheres were air-dried for 24 hrs at room
temperature. 

Entrapment efficiency8)

Microspheres were powdered in a mortar and
indomethacin was extracted from microspheres using
ethanol, filtered and analyzed UV spectrophotometrically
(1601 A, Schimadzu Corporation, Japan) after necessary
dilution at 320 nm. Entrapment efficiency was calculated
using the formula
Entrapment efficiency = 
[(Actual Loading/Theoretical Loading) × �100] %.

Particle size measurement9)

Particle size and size distribution of different
microsphere formulations were measured using an optical
microscope (Olympus, Model HB, India), and the mean
particle size was calculated by measuring 200 particles
with the help of a calibrated ocular micrometer. The
average particle size was expressed as the volume mean
diameter in micrometers. 

Fourier Transform Infrared Spectroscopy10, 11)

The indomethacin-loaded alginate microspheres were
finely ground with KBr to prepare the pellets under
a hydraulic pressure of 600 pounds for square inch and
spectra were scanned between 400 and 4000 cm–1

(Shimadzu-8400 S, Japan) to confirm the presence of any
interaction between the polymers and indomethacin. 

Differential Scanning Calorimetry 10, 11)

DSC thermograms of indomethacin and indomethacin-
loaded sodium alginate microspheres were recorded using
a modulated differential scanning calorimeter (DSC-60,
Schimadzu Corporation, Japan). The analysis was performed
by heating the 2–3mg samples on an aluminium crimp pans
at a rate of 10 °C/min in a nitrogen atmosphere (50 ml, min–1)
to know the thermal behaviour of the samples.

XRD Studies10, 11)

The X-ray diffraction pattern of the microspheres were
recorded using a Rigaku Geigerflex diffractometer
(Japan), equipped with Ni-filtered CuK�α radiation
(�λ = 1.5418A°), goniometer speed-2°/min voltage –
30 Kv and current – 20 mA to know the crystallinity of the
drug dispersed in the microspheres.
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Table 1. Formulation chart of gels for indomethacin microspheres

Formulation
Concentration (%)

F1 F2 F3 F4 F5 F6 F7 F8

Indomethacin 1 1 1 1 1 1 1 1

Sodium alginate 1 1 1 1 2 2 2 2

Methyl cellulose – – – – – 1 1.5 2

Calcium chloride 1.5 2 2.5 3 3 3 3 3
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Scanning Electron Microscopy12)

SEM images of the indomethacin-loaded microspheres
were recorded using a Hitachi S520 scanning electron
microscope (Japan) at the required magnification.
A working distance of 33.5 mm was maintained and the
acceleration voltage used was 10 KV with the secondary
electron image (SEI) as a detector to know the shape of
the microspheres. Prior to examination, the samples were
gold-coated under vacuum to render them electrically
conductive. 

Determination of sphericity13)

To determine sphericity, the tracings of microspheres
(magnification 45�×) were taken on a black paper using
a Lucida camera, (Model-Prism type, Rolex, India) and
the circulatory factor was calculated using the equation:

S = p2/(12.56 ×�A), [1]

where A is area (cm2) and p is perimeter (cm).

Dissolution studies14)

The dissolution studies of indomethacin and
indomethacin microspheres were determined using a USP
dissolution apparatus type II (Electrolab, Mumbai, India).
The dissolution medium used was 900 ml of pH 7.2
phosphate buffer. 5 ml of sample solutions were
withdrawn at predetermined time intervals (0.25, 0.5,
0.75, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 hours) and
then filtered through Whatman filter paper (No. 40). 5 ml
of pH 7.2 phosphate buffer were replaced in the
dissolution flask to maintain sink conditions. The amount
of released indomethacin was analyzed spectrophoto -
metrically at 320 nm. 

Evaluation of release kinetics15)

To investigate the mechanism of indomethacin release
from optimized formulation, the release data was
analyzed for zero order, first order, Higuchi model,
Hixon-Crowell and Korsmeyer-Peppas model. The data
were presented in the following graphical representation
and regression analysis was performed.

Mt versus t (zero order)

Log cumulative % of drug remained versus t   (first order)

Mt versus square root of t (Higuchi)

Cube root of drug percentage remaining     (Hixon-Crowell)

Log Mt versus log t (Korsmeyer-Peppas)

Mt is the cumulative % of drug released at time t.
Korsmeyer et al.16) derived a simple relationship which

described drug release from a polymeric system:

Mt/M∞ = kt
n , [2]

where Mt/M∞ is the fraction of drug released at time t,
k is the rate constant and n is the release exponent.
Release curve where Mt/M∞ < 0.6 was used to determine
the exponent ‘n’ value. The n value was used to
characterize different release mechanisms. For example,
n = 0.45 for Case I or Fickian diffusion, 0.45 < n < 0.89
for anomalous behaviour or non-Fickian transport, n =

0.89 for Case II transport, and n > 0.89 for Super Case II
transport. Fickian diffusional release occurs by the usual
molecular diffusion of the drug due to a chemical potential
gradient. Case II relaxational release is the drug transport
mechanism associated with stresses and state-transition
in hydrophilic glassy polymers, which swell in water or
biological fluids. This term also includes polymer
disentanglement and erosion. The rate constant ‘k’,
coefficients of correlation (R2) and ‘n’ of each model were
calculated by linear regression analysis. 

HPLC analysis17)

Plasma samples analysis were performed using
a Schimadzu (Japan) HPLC system equipped with a SPD-
20A tunable absorbance detector and a Luna 5u C18 (2)
100 A0 column (250 mm ×�4.6 mm I.D) at ambient
temperature (23–27 °C). The mobile phase was a mixture
of 400 ml of sodium acetate buffer pH 3.6 and 600 ml of
acetonitrile. The solution was filtered through 0.45 �µm
filter and degassed by sonication. The flow rate was 1 ml
per minute. Detection was carried on at 320 nm
wavelength. Prepared samples were injected to a HPLC
column through a Rheodyne injector (HAMILTON, 702
NR) fitted with a 20 µl loop. A calibration curve was
plotted for indomethacin in the range of 1–5 µ�g/ml.
A good linear relationship was observed between the
concentration of indomethacin and its peak area
(R2 = 0.9972). 

Pharmacokinetic evaluation of the optimized 
formulation18–20)

The optimized indomethacin microspheres were further
evaluated for pharmacokinetic parameters. Pharma -
cokinetic study protocol was approved by the IAEC (Reg.
No. IAEC/MNRCOP/CPCSEA/2013). Six male/female
adult rabbits weighing between (1.5–2 kg) were used for
the study. The animals were housed in individual cages
under standard laboratory conditions of light, temperature
and relative humidity. The study was conducted as open
randomized design in which a single dose 10 mg/kg was
administered to rabbits. The animals were divided into 2
groups containing 3 animals in each. For one group pure
indomethacin was given as suspension with 1% sodium
carboxy methyl cellulose and for another group
indomethacin microspheres were given. After clipping off
the hair on the ears of the rabbits, the blood sample of 1 ml
was withdrawn at 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, 8
and 12 hr intervals, using a 1 ml syringe with a 26 gauze
needle (nominal outer diameter, 0.4636 mm, inner
diameter, 0.260 mm and wall thickness, 0.101 mm). The
withdrawn samples were collected in Eppendorf tubes
containing 0.4 ml of 3% sodium citrate solution and
centrifuged (Remi equipments, Mumbai, India) at
2,500 rpm for 15 min to separate plasma and analyzed for
drug content by using HPLC (Schimadzu, Japan).

Results and discussion

Entrapment efficiency
All formulations showed entrapment efficiency in the

range from 64.17% to 86.33% (Table 2). Formulation F1
showed the lowest and F8 showed the highest entrapment
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efficiency, respectively. The entrapment efficiency increased
progressively with increasing alginate concentration in
formulations F1 to F4. An increase in the alginate
concentration resulted in the formation of larger
microspheres entrapping greater amounts of the drug. This

may be attributed to the greater availability of the active
calcium-binding sites in the polymeric chains and,
consequently, the greater degree of cross-linking as the
quantity of sodium alginate increased21). The decreased
incorporation efficiency in F5 may be due to increased
concentration of CaCl2, which could be attributed to the
formation of porous beads ensuring the diffusion of the drug
out of the beads at the time of curing22). The entrapment
efficiency increased progressively with increasing alginate
and methyl cellulose concentration in formulations F6 to F7. 

Particle size measurement
The mean particle size of the various formulations of

alginate microspheres were between 348.24 ± 1.87 µm to
423.65 ± 3.27 µm. It was found that the particle size
distribution of each formulation was within a narrow
range but the mean particle size was different among the
formulations (Table 2). The results indicated the
proportional increase in the mean particle size of the
microspheres with increasing amounts of sodium alginate

Čes. slov. Farm. 2016; 65, 104–110 107

Table 2. Entrapment efficiency and particle size of formu -
lations

Formulation
Entrapment 

efficiency (%)
Particle size (µm)

F1 64.17 ± 2.17 348.24 ± 1.87

F2 65.82 ± 1.61 366.25 ± 3.24

F3 81.76 ± 1.97 373.71 ± 2.34

F4 79.57 ± 1.26 379.28 ± 2.61

F5 71.58 ± 1.88 386.26 ± 2.09

F6 69.38 ± 2.33 401.27 ± 2.52

F7 71.82 ± 1.78 409.11 ± 2.55

F8 86.33 ± 1.55 423.65 ± 3.27

Fig. 1. FTIR spectra of pure indomethacin and indomethacin microspheres
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in the formulations F1, F2, F3, F4 and F5 and sodium
alginate and methylcellulose in the formulations F6, F7
and F8. This could be probably attributed to an increase in
the relative viscosity at higher concentration of sodium
alginate and formation of large droplets during addition
of the polymer solution to the cross-linking agents23).

Fourier Transform Infrared Spectroscopy
The FTIR spectra for pure indomethacin and

indomethacin-loaded alginate microspheres are shown in
Figure 1. Pure indomethacin showed characteristic bands
at 3400–2500 cm–1 (aromatic C-H stretching),
1716.53 cm–1 and 1689.53 cm–1 (C = O stretching),
1589.23 cm–1 (aromatic C = C stretching), 1454.23 cm–1

(O-CH3 deformation), 1234.36 cm
–1 (C-O stretch plus

O-H deformation), 925.77 cm–1 (carboxylic O-H out of
plane deformation) and 900–600 cm–1 (C-H out of plane
deformation for the substituted aromatic ring), where as
indomethacin microspheres showed characteristic bands
with lower intensity indicating the chemical stability of
indomethacin in alginate microspheres24). 

Differential Scanning Calorimetry
The DSC thermograms of pure indomethacin and

indomethacin-loaded microspheres are shown in Figure
2. Indomethacin showed a sharp endothermic peak at
159.88 °C indicating the melting of the drug, whereas

indomethacin-loaded alginate microspheres showed
a small endothermic peak with low intensity at
142 °C which demonstrated the reduction in drug
crystallinity and molecular dispersion of the drug in the
polymer matrix24, 25). 

XRD Studies
XRD spectra of pure indomethacin and indomethacin-

loaded microspheres are shown in Figure 3. Pure
indomethacin showed many peaks due to its crystalline
nature, whereas XRD spectrum of indomethacin-loaded
sodium alginate microspheres did not show any peaks
indicating the amorphous molecular dispersion of
indomethacin in microspheres24, 26).

Scanning Electron Microscopy
SEM photograph showed that the indomethacin

microspheres were spherical in nature with smooth
surfaces with inward dents and shrinkage due to the
collapse of the wall of the microspheres27) (Fig. 4). The
sphericity factor calculated for the microspheres are
nearer to value 1 (1.024 ± 0.02, 1 ± 0.007, 0.994 ± 0.005,
1.004 ± 0.005, 0.994 ± 0.005, 0.996 ± 0.005, 1.002 ±
0.004 and 1.016 ± 0.02 for the formulations F1 to F8),
which confirms the prepared formulations are spherical
in nature.

108 Čes. slov. Farm. 2016; 65, 104–110

Fig. 3. XRD spectra of pure indomethacin and indomethacin microspheres

Fig. 2. DSC thermograms of pure indomethacin and indomet-
hacin microspheres

Fig. 4. SEM photograph of indomethacin microspheres
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Dissolution Studies
Faster release observed in some formulations could be

related to the lesser amount of the polymer in formulation
as well as small size of microspheres which might be due
to the fact that smaller particles offered more surface area
to release the drug28, 29). A slower release pattern was
observed for formulation containing higher amounts of
the polymer and larger size30, 31). The effect of sodium
alginate and methylcellulose concentration on
indomethacin release from microspheres is shown in
Figure 5. It can be observed that with increasing polymer
concentration, therate of drug release from the
microspheres decreases dramatically. The formulations
containing relatively higher polymer contents showed less
initial drug release due to the unavailability of drug
molecules at the surface of microspheres. Moreover, an
increase in the concentration of the polymer in
microspheres retarded the formation of pores or channels
by drug particles in the matrix. This in turn affected the
leaching and diffusion of drug from the matrix, and thus
the drug release rate was lowered. Based on controlled
drug release (over a period of 12 hr) and good entrapment
efficiency, F8 was selected as optimized formulation and
was used for pharmacokinetic evaluation.

dissolution studies microspheres did not burst, but
extended swelling occurred and thus good conditions for
diffusion of the drug from microsphereswere created32, 33).

Pharmacokinetic evaluation of the optimized 
formulation18)

The elimination rate constant Ke of indomethacin when
given in microspheres (0.092 hr–1) was found to be decreased
in comparison with pure indomethacin (0.184 hr–1)  (Table 4).
When microspheres were administered, about a two-fold
decrease in elimination rate was observed indicating a slow
elimination of the drug from the body. The elimination half
life (t�1/2) of the indomethacin from microspheres was found
to be 6.861 hours indicating a slow elimination and longer
residence of the drug in the body which was further
evidenced by the increased AUC value of the drug when
given in microspheres. Almost a two-fold increase in AUC
was observed when the drug was loaded in microspheres.
The absorption rate constant Ka of indomethacin when given
in microspheres was found to be decreased when comparing
to pure indomethacin indicating a slower absorption of the
drug because of slow release of the drug from the cross links
of the polymer matrix.
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Fig. 5. In vitro dissolution profile of indomethacin microspheres

Table 3. Determination coefficient (R2) of different kinetic
models of F8 

Model R2

Zero order 0.7329

First order 0.8102

Higuchi 0.9029

Hixson-Crowell 0.7229

Korsmeyer-Peppas 0.4074

Korsmeyer-Peppas (n value) 0.4152

To study the release kinetics of optimized formulation,
obtained in vitro release data were fitted in various kinetic
models such as zero order, first order, Higuchi model,
Hixson-Crowell model and Korsmeyer-Peppas model
(Table 3). The in vitro release profile of F8 could be best
expressed by Higuchi kinetic model, as the plot showed
highest linearity (R2: 0.9029) indicating that the release
of indomethacin was diffusion-controlled . During the

Table 4. Pharmacokinetic parameters of indomethacin

Pharmacokinetic Pure Indomethacin

parameter Indomethacin microspheres

Ke (hr
–1) 0.184 ± 0.004 0.092 ± 0.006

Ka (hr
–1) 1.17 ± 0.12 0.161 ± 0.1

t1/2 (hr) 3.766 ± 1.24 6.861 ± 1.8

AUC (µg-hr/ml) 154.275 ± 1.98 339.705 ± 5.66

Cmax (µg/ml) 21.0794 ± 0.22 21.956 ± 0.27

tmax (hr) 2 2.5

However, there was no significant change in time required
to reach the maximum drug concentration in plasma
observed between pure indomethacin and indomethacin-
loaded microspheres (tmax for pure indomethacin, 2 hours and
tmax indomethacin-loaded microspheres, 2.5 hours). But the
Cmax was found to be the same for pure indomethacin as well
as indomethacin loaded in controlled release Microspheres
(Fig. 6). Significant changes in Ke, t1/2, Ka and AUC values
of the drug when administered as microspheres clearly

Fig. 6. Mean plasma concentration-time profiles of
indomethacin
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indicated that the microspheres developed in the present
study showed a controlled release of the drug confirming the
results of in vitro studies. 

Conclusion

From the present study it can be concluded that
indomethacin controlled release microspheres can be
formulated using sodium alginate, methyl cellulose and
calcium chloride. Prepared microspheres exhibited
a spherical shape, good entrapment efficiency up to 87%
and controlled drug release over a period of 12 hours with
no drug-excipient interactions. Based on in vivo
pharmacokinetic data, it can be concluded that the
indomethacin microspheres released the drug in
controlled manner leading to prolonged drug residence
and therapeutic effect. Both in vitro and in vivo studies
confirmed the advantage of control release of
indomethacin in the effective therapeutic management of
inflammation and proved to be better than conventional
dosage form with substantial decrease in side effects. 
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