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INTRODUCTION:
For many decades, medication of an acute disease or a
chronic disease has been accomplished by delivering
drugs to the patients via various pharmaceutical dosage
forms like Tablets, Capsules, Pills, Creams, Ointments,
Liquids, Aerosols, Injectables and Suppositories as
carriers. With objective of maintaining the concentration
of drug administered within the therapeutically effective
range needed for medication, it is often necessary to take
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ABSTRACT: Background: Microsphere is a novel carrier for drug release in control manner which
might be able to reduce the side effect of Indomethacin by decreasing the fluctuation of drug
concentration in blood plasma. Aim: The present study was aimed to formulate microspheres of
Indomethacin using chitosan and albumin as rate controlling polymers heat. Method: The
Indomethacin Microsphere formulations (F1 to F9) were prepared by stabilization method by using
drug (100 mg) and polymers (chitosan and albumin in mixed form at different ratios). The prepared
Microsphere formulations were characterized for yield, particle size, micromeritic properties,
mucoadhesion, swelling Index, In vitro drug release and drug release kinetic studies. Results: The
particle size of prepared microsphere was small in the ranges from 551 to 612 µm. The flow
properties of all Microsphere formulations were within the acceptable range (Good) and therefore
they could be easily filled into the capsules. The swelling index (31.02 to 47.26 %) and
Mucoadhesion (65 to 88 %) values were found considerably good. The cumulative percentage drug
release significantly decreased with increase in polymer concentration. The overall curve fitting into
various mathematical models was found to be on an average. The formulations F8 best fitted into
zero order kinetic model and Higuchi model. Conclusion: Thus, the optimized formulated
microspheres could be a potential candidate for an oral controlled drug delivery system in
prolonging the drug release and increasing the bioavailability of drug.
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this type of drug delivery systems several times in a day.
This results in a fluctuated drug level and consequently
undesirable toxicity and poor efficiency [1]. This factor as
well as other factors such as repetitive dosing and
unpredictable absorption leads to the concept of
controlled drug delivery systems [2,3]. The novel in the
relation to drug delivery system is a search for
something out of necessity. An appropriately designed
controlled release drug delivery system can be major
advance toward solving the problem associated with the
existing drug delivery system [4,5].
Thus the objective of the study was to design and
formulate the Indomethacin Microsphere to achieve
steady state concentration of the drug in blood plasma.

MATERIALS AND METHODS:
The model drug Indomethacin was procured as gift
sample from Dr. Reddy Lab, Hyderabad. The chitosan
(SEM Grade CAS 9012-76-4 US Biological) was
purchased from Sigma Aldrich, USA. The albumin
(ALBI Grade 1) and Gelatin (160 Bloom) were
purchased from SD Fine Chemicals, Mumbai. All others
chemicals and reagents used in this study were of
analytical grade and procured from an authorized dealer.

Preparation of Indomethacin Standard curve:
Accurately 100 mg of drug was weighed and dissolved
in100 ml of 0.1N HCl in 100 ml volumetric flask. The
concentration of solution was made as 1000 μg/ml
(primary stock solution).  About 5 ml of primary stock
solution was pipetted out into 50 ml of volumetric flask
and the volume was adjusted with 0.1N HCl.  The
concentration of solution was made as 100 μg/ml
(secondary stock solution). From the secondary stock
solution, 0.25, 0.5, 0.75, 1, 1.25 and 1.5 was pipettd out
in to 10 ml of volumetric flask and volume was made up
to 10 ml with 0.1N HCl. The concentrations of solutions
were made as 2.5, 5, 7.5, 10, 12.5 and 15 μg/ml. The
absorbance of solutions was determined by using UV-
Visible spectrophotometer (UV 1900i, Shimadzu, Japan)
at λmax of 320 nm. The standard curve was plotted by
taking absorbance versus concentration of solutions.
From the calibration curve, regression equation and co-
efficient of regression was determined.

Preparation of Indomethacin Microsphere:
The Indomethacin Microspheres was prepared by Heat
stabilization technique. Drug was dispersed in mixture
of 5 ml of 1 % w/v albumin solution, 5 ml of 2 % w/v
chitosan in 2 % acetic acid. This drug dispersion was

poured into 5 ml of 15 % w/v gelatin solution (water)
containing 1.5 % w/v CaCO3 through syringe in to 20 ml
of paraffin oil containing 1 ml of Tween 80. About 1 ml
gently stirred (1000 rpm) for 10 min at 60 to 70 °C. A
w/o emulsion was formed. Then the emulsion was
cooled at 50 °C for 30 min. It was washed with
petroleum ether and dried at 45 °C [6,7].

General appearance:
The formulated microspheress were assessed for its
general appearance and observations were made for
shape, color, texture and odor.

Micromeritic Studies:
The prepared microspheres are characterized by their
micromeritic properties such are bulk and tapped
density, Carr’s index, Hausner’s ratio and angle of
repose [8,9].

Bulk density:
The bulk density of a compound varies substantially
with the method of crystallization, milling or
formulation. Bulk density is determined by pouring pre-
sieved and pre-weighed microspheres into a graduated
cylinder via a large funnel. The volume and weight were
recorded. Bulk density was calculated by using formula.
ρb = W/Vb ……………….….(1)
Where, ρb is bulk density, W is mass of microspheres in
g and Vb is bulk volume in g/cc.

Tapped density:

The Tapped density (ρt) is determined by placing a
graduated cylinder containing a known mass of granules
and mechanical tapper apparatus, which is operated for a
fixed number of taps until the powder bed volume has
reached a minimum volume. Tapped density was
expressed in g/cc and it was calculated by using
following formula.
ρt = W/Vt ……………………..(2)
Where, Vt is bulk volume in cc.

Carr’s Index (CI):
Carr’s index was measured using the values of bulk and
tapped density. The following equation is used to find
the Carr’s index.
CI (%) = [(ρt – ρb)/ρt]×100 …..(3)

Hausner’s Ratio (HR):
The Hausner’s ratio indicates the flow properties of the
microspheres and it was calculated by using following
equation.
HR = ρt /ρb ……………...…….(4)
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Angle of repose (θ):
The manner in which stresses are transmitted through a
microspheres and the microspheres response to applied
stress are reflected in the various angles of friction and
response. The method used to find the angle of repose is
to pour the microspheres in a conical heat on a level, flat
surface and included angle with the horizontal was
measured.
θ = Tan-1(h/r) ………………………(5)
Where, h and r are height and radius of the heap.

Particle size analysis:

The microspheres were analyzed for particle size by
optical microscope. The instrument was calibrated and
found that 1 unit of eyepiece micrometer was equal to
12.5 μm of stage micrometer. About 500 microspheres
were calculated under 45X magnification [10,11].
The average particle size was determined by using the E
dmondson’s equation:
Dmean = ∑nd/∑n ……………….…(6)
Where, n is the number of microspheres observed and D
is the mean size range.

Swelling Index study:
Swelling ratio of different dried microspheres was
determined gravimetrically in 0.1N HCl at 12 h. The
microspheres were removed periodically from the
solution, blotted to remove excess surface liquid and
weighed on balance. Swelling Index (SI) in % w/v was
determined from the following equation [12,13];
SI (%) = [(Wt – Wo)/ Wo] × 100 …..(7)
Where, Wt and Wo are final and initial weight of
microspheres respectively.

Mucoadhesion study:
The mucoadhesive property of microspheres was
evaluated by an in vitro adhesion testing method known
as wash-off method. Freshly excised pieces of goat
stomach mucous were mounted on to glass slides with
cotton thread. About 20 microspheres were spread on to
each prepared glass slide and immediately thereafter the
slides were hung to USP II tablet disintegration test
apparatus, when the test apparatus was operated, the
sample was subjected to slow up and down movement in
0.1N HCl at 37 °C contained in a 1 litre vessel of the
apparatus. At a time point of 12 h, the machine was
stopped and number of microspheres still adhering to
mucosal surface was counted.  The mucoadhesion (MA)
was calculated by using following formula [14,15].
MA (%) = (Nad/Nap) × 100 ………...(8)

Where, Nad and Nap are number of microspheres adhered
and applied to the mucous membrane.

In vitro drug release study:
The dissolution studies were performed in a fully
calibrated eight station dissolution test apparatus (37 ±
0.5 °C, 100 rpm) using the USP type – I rotating basket
method in 0.1N HCl (900 ml). A quantity of accurately
weighed microspheres equivalent to 100 mg
Indomethacin of each formulation was employed in all
dissolution studies. Aliquots of sample were withdrawn
at predetermined intervals of time and analyzed for drug
release by measuring the absorbance at 241 nm. At the
same time the volume withdrawn at each time intervals
were replenished immediately with the same volume of
fresh pre-warmed 0.1N HCl maintaining sink conditions
throughout the experiment [16,17].

In vitro drug release kinetics:
In order to determine the drug release mechanism from
the microsphere formulations, the drug release
data was fitted into various mathematical models like
zero order, first order kinetics, Higuchi and Korse-
Meyer Peppas kinetics [18,19].

RESULTS AND DISCUSSION:
From the drug analysis study, the obtained regression
equation (y = 0.047X + 0.001) from the calibration data
given in Table 1, possess co-efficient of R² = 0.999, as
evident from Fig 1.

Table 1. Calibration curve of Indomethacin in 0.1N HCl.
Sl. No. Conc. (µg/ml) Absorbance

1 2.5 0.124
2 5 0.228
3 7.5 0.364
4 10 0.471
5 12.5 0.582
6 15 0.714

Fig 1. Calibration curve of Indomethacin in 0.1N HCl.
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The color of the Indomethacine API drug was yellowish
white and crystalline in nature. The heat stabilization
technique was found to be efficient method for
successful preparation of Indomethacine microspheres
with good yield which was prepared as per the
formulation design given in Table 2.

Table 2. Formulation design of Indomethacin
Microspheres.

Sl.
No.

FC IMC
(mg)

Alb:Chit PO
(ml)

Tween
80 (ml)

1 F1 100 50:50 20 1
2 F2 100 33.3:66.6 20 1
3 F3 100 25:75 20 1
4 F4 100 100:100 20 1
5 F5 100 66.6:133.3 20 1
6 F6 100 50:150 20 1
7 F7 100 150:150 20 1
8 F8 100 100:200 20 1
9 F9 100 75:225 20 1

FC – Formulation code, IMC – Indomethacine, Alb –
Albumin, Chit – Chitosan and PO – Praffin oil.

The prepared microspheres were spherical as evident
from optical microscopy and free flowing. The
micromeritic data of prepared microsphere formulations
is given in Table 3. The bulk and tapped densities were
found in the ranges of 0.42±0.024 (F2) to 0.51±0.045
(F7) and 0.49±0.07 to 0.59±0.04 g/cc (F7) respectively.
The Carr’s Index was found in the ranges of 11.53±0.1
(F8) to 16.03±0.6 % (F5). The Hausner ratio was found
in the ranges of 1.13±0.05 (F8) to 1.19±0.08 (F5). The
angle of repose was found in the ranges from 27.020.12

(F4) to 29.420.19 ° (F6). Almost all Indomethacine
microsphere formulation possesses good flow properties
except the formulation F5 whose flow property was fair.
Thus the prepared microsphere could be easily filled into
capsules.
The particle size of prepared microsphere given in Table
4, revealed that size of the all microsphere formulations
was small in the ranges from 551 (F2) to 612 µm (F9).
The swelling index and mucoadhesion data are given in
Table 5 and Fig 2. The swelling index of all microsphere
formulation was found to be good in the ranges from
31.02 (F1) to 47.26 % (F8) in 2 h, which shows that the
formulations swell to a certain degree after coming in
contact with the simulated gastric medium. Almost all
microsphere formulation exhibited good mucoadhesion
property in which minimum and maximum
mucoadhesion property were shown by Microsphere
formulation F4 (65 %) and F8 (88 %) respectively. This

good mucoadhesion property might be due to combine
effect of chitosan and albumin but greater mucoadhesion
property exhibited by chitosan polymer. It has been seen
that with increase in polymeric ratios and chitosan
content, the mucoadhesion property increases.

Table 4. Particle size, swaelling Index and
Mucoadhesive data of Indomethacin Microsphere
formulations.

FC APS

(µm)

SI (%) MA (%)
F1 560 31.02 70

F2 551 34.18 73
F3 572 38.62 68

F4 604 42.26 65
F5 598 32.19 76
F6 607 35.18 78

F7 567 42.17 83

F8 548 47.26 88
F9 612 42.17 81

FC – Formulation code. APS – Average particle size, SI –
Swelling Index and MA – Mucoadhesion.

Fig 2. Swelling Index and Mucoadhesion studies of
Indomethacine Microsphere formulations.

The in vitro drug release data are given in Table 5 (F1 to
F5) and Table 6 (F6 to F9). Among all the microsphere
formulations, the formulation F8 shows more sustained
after 9 h, where as all other microsphere formulations
shows optimum sustained. The formulation F8 shows
highest drug release at 12 h in more control manner,
where as remaining all other shows less percent of drug
release. Thus so F8 was optimized as best formulation
containing Albumin and chitosan rate controlling
polymers in proportion of 100: 200. The overall curve
fitting into various mathematical models was found to be
on an average. The formulations F8 best fitted into Zero
order kinetic and Higuchi model (Table 7).
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Table 3. Micromeritic analysis data of Indomethacin  Microspheres.
FC Bulk density

(g/cc)
(X±SEM)

Tapped density
(g/cc)

(X±SEM)

Carr’s Index
(%)

(X±SEM)

Hausner
Ratio

(X±SEM)

Angle of
repose(θ)

(X±SEM)

Comment

F1 0.45±0.015 0.53±0.09 15.09±0.1 1.17±0.02 26.040.13 Good
F2 0.42±0.024 0.49±0.07 14.28±0.2 1.16±0.04 27.180.07 Good
F3 0.44±0.012 0.51±0.09 13.72±0.8 1.15±0.08 28.100.8 Good
F4 0.43±0.045 0.50±0.04 14.00±0.1 1.16±0.07 27.020.12 Good
F5 0.42±0.044 0.50±0.01 16.03±0.6 1.19±0.08 28.020.11 Fair
F6 0.44±0.045 0.51±0.04 13.72±0.8 1.15±0.09 29.420.19 Good
F7 0.51±0.045 0.59±0.04 13.55±0.8 1.15±0.09 28.160.12 Good
F8 0.46±0.045 0.52±0.04 11.53±0.1 1.13±0.05 27.02±0.17 Good
F9 0.43±0.04 0.50±0.1 14.00±0.8 1.16±0.09 28.10±0.12 Good

FC – Formulation code. All data are expressed as mean ± standard error of mean (n – 3).

Table 5. In vitro drug dissolution data of Indomethacin microspheres formulations F1 to F5.

All data are expressed as mean ± standard deviation (n – 3).

Table 6. In vitro drug dissolution data of
Indomethacin microspheres formulations F7 to F9.

All data are expressed as mean ± standard error of mean
(n – 3).

Table 7. Drug release kinetic data of optimized
microsphere formulation F8.

CDR – Cumulative percentage drug release, LPR – Log
percentage remaining, C – Concentration, IC - Intercept
and T – Time.

CONCLUSION
The present study has been a satisfactory attempt to
formulate microspheres of Indometacin, which is a
NSAIDs possess analgesic and antipyretic properties
that exerts its pharmacological effects by inhibiting the
synthesis of prostaglandins involved in pain, fever, and
inflammation. Its therapeutic action does not involve
pituitary-adrenal stimulation. From the experimental
results it can be concluded that, the formulated
microspheres (F8) is the best optimized microsphere as
it released maximum drug in more constant and control
manner with least particle size and good mucoadhesion
property. Thus the Indomethacin microsphere
formulation F8 seem to be a potential candidate as an
oral controlled drug delivery system in prolonging the
drug release and increasing the bioavailability of drugs
and could be use for safe and effective management of
acute pain.
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Time
(h)

Cumulative percent drug release (X±SD)

F1 F2 F3 F4 F5 F6
2 32.14 ±2.0 27.14 ±1.22 34.16±1.4 30.27±1.6 31.60±2.2 34.21±0.8
4 41.27±1.17 42.01 ±1.31 45.62±7.1 43.14±5.24 42.26±0.60 45.21±5.9
6 50.19 ±1.30 55.24±1.7 52.41 ±8.4 50.26±5.2 50.09±7.12 53.07±3.08
8 61.08 ±3.28 62.50±1.28 59.24 ±2.1 57.12±1.20 58.74±7.61 60.85±1.91
10 68.87 ±2.07 66.42 ±0.41 68.49±1.32 65.71±1.42 69.16±4.15 66.59±1.34
12 77.42 ±1.24 72.87±1.47 77.12±1.61 78.26±1.81 75.43±4.81 78.56±4.2

Time
(h)

Cumulative percent drug release (X±SD)
F7 F8 F9

2 33.50±0.12 35.4±0.52 33.25±0.42
4 48.27±0.47 46.62±0.10 46.31±0.18
6 57.64±0.16 59.41±1.41 52.72±2.02
8 64.12±0.24 68.32±0.16 60.12±3.43
10 69.32±0.14 78.24±1.40 67.65±0.28
12 76.23±1.12 92.26±0.24 74.42±3.12

Para-
meters

Zero
order

First
order

Higuchi Peppas

% CDR
V/s. T

LPR
V/s. T

%CDR
V/s. √T

Log C
V/s. Log T

Slope 6.8634 -0.080 0.03806 0.49571

IC 13.1681 2.0360 0.08458 -0.08948

R2 0.9418 0.9175 0.99136 0.74629
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