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Microencapsulation - a process for coating of
smaller particles using polymers to produce micros-
pheres is a rapidly developing technology for
achieving controlled drug release. It is a well recog-
nized method that is used to modify and delay drug
release from pharmaceutical dosage form. A large
number of microencapsulation techniques are avail-
able for the formation of sustained and controlled
release drug delivery systems (1). Controlled release
polymeric based system has become the most popu-
lar topics in pharmaceutical science and technology
(2). It is used to control drug release at predictable
rate in surrounding medium due to coating of poly-
meric material (3). In recent years polymeric mate-
rials have received increasing attention because of
their ability to provide controlled release of pharma-
ceuticals materials over a wide range of time periods
(4, 5). Different biodegradable polymers have been
investigated for the development of microspheres,
among which ethyl cellulose (EC) is hydrophobic,

biocompatible and non-toxic polymer used for the
sustained release preparation of pharmaceutical
products (6). EC was used as effective carrier for
multiparticulate controlled drug delivery (7).
Eudragit L100-55 (EL100-55) is pH sensitive an
anionic copolymer based on methacrylic acid and
ethyl acrylate used to encapsulate drug for oral
administration that allows drug release at specific
pH in gastrointestinal tract. The most frequently
used pH dependent polymers are derivatives of
acrylic acid and cellulose. These polymers used in
colon specific drug delivery are insoluble at low pH
levels and become increasingly soluble as pH rises
(8). Ivabradine HCL (IBH) is a novel heart rate low-
ering drug, acting by reducing the rate of pacemak-
er activity in SA node. IBH is a selective inhibitor of
If, and involved in generating early phase of sponta-
neous diastolic depolarization in pacemaker cells,
thus decreasing the frequency of action potential and
lowering heart rate (9). The therapeutic effect of
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drug is deceased due to shorter biological half life (2
h). For longer duration it has to be administered with
high frequency leading to non compliance and less
therapeutic outcomes. To get full benefit of IBH in
angina pectoris along with the reduction of dose fre-
quency, the current research study microencapsula-
tion based formulation was developed with poly-
mers EC and EL100-55 using oil-in-oil (O/O) sol-
vent evaporation method (10) as pH sensitive poly-
meric based microspheres were prepared by double
solvent evaporation method (11). The objective of
this study was to formulate and characterize novel
pH sensitive copolymer EL100-55 and EC micros-
pheres. The microspheres were prepared with differ-
ent composition of EL100-55 and EC loaded with
IBH as model drug by using O/O solvent evapora-
tion method. O/O solvent evaporation method is
widely used for the preparation of sustained released
formulation of drug loaded polymeric microspheres
(12). The resultant microspheres were characterized
using different techniques involving FTIR, SEM, X-
RD, DSC, TGA and in vitro drug release. In vitro
dissolution studies were carried out at pH 1.2, 5.5
and 7.4 at 37OC to determine the pH dependent
behavior of drug release. 

MATERIALS AND METHODS

Materials

IBH was received as a gift sample from CCL
Pharmaceuticals, Lahore. Ethyl cellulose (viscosity
300 cP, 5% in toluene/ethanol 80 : 20, 48% ethoxyl),
Span 80, EL100-55, light liquid paraffin, n-hexane
were purchased from Sigma Aldrich (Evonik
Krefeld, Germany). Ethanol, dichloromethane and
acetone were purchased from BDH, Pakistan.
Sodium hydroxide (NaOH) and potassium dihydro-
gen phosphate (KH2PO4) were from Merck
(Darmstadt, Germany). Hydrochloric acid was from
BDH (Pakistan) and potassium bromide (KBr) of
FTIR grade from Fischer Scientific (Leicestershire,
UK). All chemicals and solvents used were of ana-
lytical grade. 

Preparation of ivabradine HCl loaded micros-

pheres:

Ivabradine hydrochloride loaded EL100-55 and
EC microspheres were developed by O/O solvent
evaporation method. EL100-55 and EC separately
dissolved in ethanol and dichloromethane (DCM)
simultaneously at 25OC were stirred at 300 rpm with
a magnetic stirrer. Stirring was continued until a
clear solution was obtained and then both polymers
solutions were mixed to get a homogeneous solution.

Drug was dissolved separately in ethanol at 300 rpm
with help of magnetic stirrer at 25OC. When clear
solution of drug was achieved, it was added drop-
wise in the polymer solution at 300 rpm. Then, poly-
mer and drug solution were stirred to obtain a
homogenous solution. External phase was prepared
by dissolving 1% Span 80 in liquid paraffin at a stir-
ring speed of 500 rpm. Homogenous solution of drug
and polymers was added dropwise by using syringe
into liquid paraffin comprising 1% Span 80 at 40OC,
whereas stirring was continued at 800 rpm.

The mixture was stirred for 3 h till organic sol-
vents were fully evaporated. After complete evapo-
ration of DCM and ethanol, microspheres were fil-
tered by a Whatman filter paper and collected. Then,
developed microspheres were washed three times
with n-hexane in order to remove excess of solvents
adhering to the surface of microspheres. The washed
microspheres were dried in oven at 45OC for 24 h.
The formulation plan of microspheres is shown in
Table 1. 

Characterization 

Determination of percentage yield 

Dried microspheres were weighed and percent-
age yield w/w was measured by using formula
shown in Equation 1 (13):

Drug loading and entrapment efficiency 

Drug loading was determined by dissolving 50
mg of microspheres in 100 mL of phosphate buffer
pH 7.4 for 12 h at 37OC. After filtration using 0.45
µm syringe filter, analysis of solution was carried
out at 302 nm using UV-VIS spectrophotometer
(PerkinElmer NY, USA). Drug loading was deter-
mined by the formula shown in Equation 2 (14):

For the estimation of entrapment efficiency the
following formula is used: 

Micromeritic properties of microspheres 

The flow properties of prepared microspheres
were measured by using different parameters such
as angle of repose, bulk density, tapped density,
compressibility index and Hausnerís, ratio. These
were measured using following equations (15):

Angle of repose tanθ = 2h/D (4)
Bulk density of prepared formulation was

measured using the formula: 

weight of microspheres (mg)
Percentage  yield (%) = ñññññññññññññññññññññññññññññññññ × 100 (1)

total weight of drug and polymer (mg)

weight of drug in microspheres 
% Drug loading = ñññññññññññññññññññññññññññññññññ  × 100     (2)

weight of microspheres

absorbance of microparticles equivalent to 100 mg IBH  % Entrapment efficiency = ññññññññññññññññññññññññññññññññññññññññññññññññ × 100 (3)
absorbance of  100 mg IBH 
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weight of microspheres
Bulk density = ññññññññññññññññññññññññ    (5)

volume of microspheres
Tapped density was determined by the following
formula:

Compressibility index also called Carr index
was calculated by the formula:

Initial volume ñ Final volume
Ci = ñññññññññññññññññññññññññññ      (7)

Initial volume
Value of compressibility index < 15% desig-

nates good flow properties while values of Ci > 25%
characterizes poor flow. 

Hausnerís ratio was measured by the following
equation: 

Volume before tapping
Hausnerís ratio = ññññññññññññññññññññññññ  (8)

Volume after tapping
A value of 1.2 represents free flow and a ratio

near to 1 indicates relatively good flow.

Particle size determination 

The mean particle size of microspheres was
measured by optical microscope using pre-calibrated
ocular micrometer and stage micrometer. About 100
particles of each formulation were observed (14).

Fourier transform infrared spectroscopy (FTIR)

FTIR spectra were taken to investigate any pos-
sible interaction between drug and polymers. The
pure drug, polymers, unloaded and loaded micros-
pheres were subjected to FTIR studies using
Shimadzu FTIR spectrophotometer and sample were
scanned at wavelengths from 4000 to 500 cm-1 (16). 

Scanning electron microscopy (SEM)

SEM images were studied by scanning electron
microscopy model SEM-JEOL JSM 6360A to deter-

mine the surface and morphology of loaded and
unloaded microspheres at different magnifications. 

Thermal analysis 

The nature of drug present in formulations was
assessed by performing differential scanning
calorimetery and thermogravimetric analysis of pure
drug, EC, EL100-55, un-loaded and ivabradine
loaded microspheres, carried out simultaneously
with STD Q600 DSC/TGA Analyzer, USA. An
amount of 4-5 mg of crushed microspheres was
placed in aluminum pans and sealed to carry out test.
Each sample was analyzed under stream of nitrogen
gas (100 mL/min) and heated from 40 to 350OC at
the rate of 10OC/min (17). Indium was used for the
calibration of equipment. 

X-ray diffractometry (X-RD)

Crystallinity of IBH, unloaded and loaded
microspheres was evaluated by using X-ray diffrac-
tometer (Bruker D8 Discover, Germany) using Ni-
filtered CuK a radiation source. The tube voltage of
40 kV, tube current 35 mA and scanning rate
5OC/min over a range of 8-80O of diffraction angle
range (18). 

Swelling studies

Unloaded microspheres prepared by O/O sol-
vent evaporation method were immersed in a buffer
solution to perform swelling studies. Microspheres
were allowed to swell for complete swelling study
for 24 h at 37OC.The degrees of swelling were deter-
mined in different phosphate buffer solutions having
pH 1.2, 5.5 and 7.4. Phosphate buffer solution (0.2
M) was prepared and pH was then adjusted by
adding NaOH or HCl solutions. Equilibrium water
uptake study was performed in triplicates. Extra sol-

mass of microspheres
Tapped density = ññññññññññññññññññññññññññññññññññññ (6)

volume of microspheres after 100 tappings

Table 1. Formulations prepared by varying the ratios of Eudragit L100-55 and ethyl cellulose.

Materials FI F2 F3 F4 F5 F6 F7

Ivabradine
(mg)

100 100 100 100 100 100 100

Eudragit L100-55
(mg)

500 450 400 375 350 300 250

Ethyl cellulose 
(mg)

00 50 100 125 150 200 250

Eudragit : EC 100 : 00 90 : 10 80 : 20 75 : 25 70 : 30 60 : 40 50 : 50

DCM : Ethanol 1 : 1 1 : 1 1 : 1 1 : 1 1 : 1 1 : 1 1 : 1

Span 80
(%)

1 1 1 1 1 1 1
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vents adhered to surface of microspheres was
removed using blotting filter paper. Swelled micros-
pheres were weighed. The swelling ratio was calcu-
lated at specified time by using the formula:

Ws ñ Wd
Swelling ratio = ñññññññññ                 (9)

Wd
where Ws and Wd are the weights of swollen and
dry microspheres, respectively. 

In vitro drug release study 

The in vitro drug release study of IBH loaded
microspheres were carried out using USP dissolu-
tion paddle apparatus (Pharma test, Germany) at
speed of 100 rpm at 37 ± 0.5OC. Accurately weighed
microspheres (50 mg) were taken in cellulose dialy-
sis membrane tied to paddles. Phosphate buffer
solution of pH 1.2, 5.5 and 7.4 were used as disso-
lution medium (500 mL). The samples were collect-
ed after fixed intervals of time i.e., 0.5, 1, 2, 3, 4, 6,
8, 10 and 12 h from dissolution medium. Samples (5
mL) were analyzed via measuring the absorption of
IBH at 302 nm using UV-VIS spectrophotometer
(PerkinElmer). Equal volume of fresh phosphate
buffer solution was added to the dissolution medium
in order to maintain sink conditions. Measurement
of each samples was carried out in triplicate (19).
Drug concentrations were measured by standard cal-
ibration curve. 

Drug release kinetics

The in vitro drug release data obtained were
evaluated by different kinetics models including:
zero order (Ft = Kot, where Ft is drug release fraction
in time t and Ko is the rate constant for zero order
release), first order (In (1-F) = -K1t, where F is frac-
tion of drug released in time t and K1 is the release
constant for first order), Higuchi (F = K2t1/2, where
K2 is Higuchiís constant and F is fraction of drug
released at time t) and Korsmeyer-Peppas model
(Mt/M = K3tn, where K3 is Peppas constant, Mt is
quantity of drug released in time t, M = infinity
amount of drug release at time infinity, n is diffusion
constant). In microspheres, if n is less than 0.43 it
represents Fickian (Case I) and if value lies among
0.43 - 0.85 then it is non-Fickian (Case II) zero order
drug release mechanism (20). 

RESULTS AND DISCUSSION

Preparation and percentage yield of microspheres

In the present study, IBH loaded microspheres
were prepared by using oil-in-oil (O/O) solvent
evaporation method. This method was selected
because drug and polymers were soluble in DCM
and ethanol. EC was dissolved in DCM and EL100-
55 and IBH were dissolved in ethanol. Both solu-
tions were mixed to make homogenous solution and

Table 2. Percentage yield, entrapment efficiency and mean particle size.

Formulation Size (µm) Shape % Entrapment efficiency Percentage yield  (%)

F1 10 ± 1 Spherical 63 ± 1.32 67 ± 2.23

F2 12 ± 2 Spherical 69 ± 1.55 69 ± 1.15

F3 20 ± 2 Spherical 71 ± 2.54 71 ± 2.11

F4 22 ± 1 Spherical 73 ± 2.11 70 ± 1.33

F5 27 ± 5 Spherical 77 ± 1.71 75 ± 2.56

F6 34 ± 3 Spherical 79 ± 1.83 82 ± 3.18

F7 39 ± 4 Spherical 81 ± 2.15 88 ± 2.65

Table 3: Results of bulk density, tapped density, compressibility index, Hausner's ratio and angle of repose.

Formulation
Angle of Hausner's Compressibility Tapped density Bulk density 
repose (O) ratio index (%) (g/mL) (g/mL)

F1 18.35 ± 1.35 1.11 ± 0.09 7 ± 1.32 0.41 ± 0.01 0.26 ± 0.01

F2 20.42 ± 1.82 1.15 ± 0.21 10 ± 2.11 0.42 ± 2.01 0.25 ± 0.01

F3 23.70 ± 3.25 1.17 ± 0.04 11 ± 1.52 0.45 ± 0.01 0.29 ± 0.02

F4 24.55 ± 2.45 1.19 ± 0.49 12 ± 2.32 0.47 ± 0.11 0.32 ± 0.01

F5 26.27 ± 1.33 1.20 ± 0.18 14 ± 8.28 0.49 ± 0.02 0.41 ± 0.01

F6 27.66 ± 4.21 1.24 ± 0.40 16 ± 4.62 0.53 ± 0.01 0.47 ± 0.02

F7 28.27 ± 1.33 1.21 ± 0.03 21 ± 1.42 0.57 ± 0.01 0.51 ± 0.01
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washed three times with n-hexane to remove oil.
After washing, microspheres were left for drying in
an oven overnight at room temperature. The maxi-
mum percentage entrapment efficiency was found to
be 81 ± 2.15 and percentage yield was 88 ± 2.65.
Percentage yield and entrapment efficiency for dif-
ferent formulations with various composition of
polymers are shown in Table 2. 

Particle size and morphology of microspheres 

SEM was used to determine the shape and sur-
face morphology of microspheres. SEM images of
unloaded and loaded microparticles were spherical
in shape with even surface as shown in Figure 1.
Microspheres prepared with EL 100-55 were spher-
ical with smooth surfaces while in combination with
EC irregular with smooth surface confirmed by
SEM. The mean particle size of various formula-
tions of microspheres are given in Table 2. Particle
size of microspheres increases gradually as the
amount of EC increases and coating layer around
IBH became more and more thick. 

Micromeritics properties microspheres

Micromeritics included bulk density, tapped
density, Carrís index (Ci), Hausnerís ratio (Hr) and
angle of repose of all 7 formulations and were stud-
ied as shown in Table 3. Ci values lies between 11
to 21 which indicated an excellent flow of micros-
pheres. Hr values of all formulations are lower 1.25
demonstrating good flow properties. Values of angle
of repose of all formulations are below 30O also rep-
resenting free flow properties of microspheres. 

Fourier transform infrared spectroscopy (FTIR)

Figure 2 depicts the FTIR spectra of IBH,
EC, EL100-55, unloaded and IBH-loaded micros-
pheres. IR spectra of IBH presented characteris-
tics peaks such as C=C stretching bands at 1103
cm-1, C-C stretching bands at 1456 cm-1 and
aliphatic C-N presented stretching bands at 2451
cm-1 (21). EC showed peaks at 2833 cm-1 due to
stretching vibration of OH group at carbon num-
bers 2, 3 and 6 (22). The spectra of EL100-55 dis-
played several characteristic bands: at 1701 cm-1

(CO carboxylic acid groups vibrations), 1736 cm-1

(esterified carboxyl groups vibrations), 1157 cm-1,
1184 cm-1 and 1261 cm-1 (ester vibrations), 1387
cm-1, 1479 cm-1 and 2979 cm-1 (CHX vibrations)
and 3234 cm-1 (OH groups vibrations) (23). The
FTIR spectra of IBH-loaded microspheres indi-
cated compatibility between IBH-EC-EL100-55.
Therefore, the drug was chemically steady in
microspheres. 

Figure 1. (A) SEM images of IBH-loaded microspheres (B)
Unloaded microspheres

then added into the 1% Span 80 solution (external
phase), stirring speed was kept at 800 rpm for 3 h at
40OC. Microspheres were collected as the solvent
completely evaporated. The microspheres were
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Figure 2. FTIR spectra of (A) IBH (B) EC (C) Eudragit L100-55 (D) Unloaded microspheres (E) Loaded microspheres
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Figure 3. DSC thermogram of (A) IBH (B) EC (C) Eudragit L100-55 (D) Unloaded microspheres (E) Loaded microspheres
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Figure 4. TGA thermogram of (A) IBH (B) EC (C) Eudragit L100-55 (D) Unloaded microspheres (E) Loaded microspheres
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Figured 5. X-ray diffraction patterns of (A) IBH (B) EC (C) Eudragit L100-55 (D) Unloaded microspheres (E) Loaded microspheres
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Differential canning calorimetery (DSC) 

DSC was conducted to explore the melting
characteristics of drug and polymers. DSC showed
endothermic peak near 193OC which is the indica-
tion of melting point of IBH while drug loaded
microspheres showed no such peaks as shown in
Figure 3E. Similarly, endothermic peaks of EC were
observed at glass transition temperature 132OC and
L100-55 showed peaks at 97OC. It suggests that the
drug particles are distributed in polymer matrix.

DSC curves of (A) IBH (B) EC (C) EL 100-55 (D)
unloaded microspheres and (E) loaded microspheres
are shown in Figure 3. 

Thermal gravimetric analysis (TGA) 

TGA was conducted to supply complimentary
and additional characterization information to ther-
mal data. TGA indicates the amount and rate of
change in the sample mass as a function of temper-
ature. The measurements were employed to deter-

Table 5. Release kinetics data of drug loaded microspheres.

Zero order First order Higuchi model Korsmeyer Peppas
Formulation pH

R2 K0 K1 R2 KH R2 KHP n

1.2 0.9076 2.411 0.028 0.9238 7.168 0.9648 8.078 0.438

F1 5.5 0.7896 7.469 0.132 0.9753 21.614 0.9959 18.305 0.585

7.4 0.9339 9.969 0.264 0.9974 29.414 0.9819 31.469 0.466

1.2 0.9018 2.568 0.030 0.9200 7.670 0.9610 9.284 0.412

F2 5.5 0.7381 7.480 0.134 0.9894 21.744 0.9953 19.528 0.555

7.4 0.9126 9.820 0.273 0.9983 29.244 0.9701 33.680 0.427

1.2 0.9375 2.708 0.030 0.9368 8.046 0.9825 9.242 0.412

F3 5.5 0.9606 7.335 0.130 0.9829 21.395 0.9941 20.759 0.516

7.4 0.9350 9.881 0.279 0.9983 29.395 0.9828 34.082 0.423

1.2 0.9306 2.699 0.032 0.9465 8.045 0.9770 8.492 0.443

F4 5.5 0.9559 7.322 0.136 0.9825 21.417 0.9939 21.625 0.475

7.4 0.9190 9.769 0.287 0.9976 29.244 0.9741 35.719 0.408

1.2 0.9324 2.743 0.032 0.9478 8.170 0.9768 9.526 0.412

F5 5.5 0.9606 7.480 0.127 0.9830 21.926 0.9919 21.699 0.505

7.4 0.9173 10.071 0.287 0.9976 29.963 0.9727 35.940 0.429

1.2 0.9472 2.747 0.033 0.9394 8.150 0.986 9.294 0.445

F6 5.5 0.9632 7.498 0.137 0.9840 29.969 0.9947 22.097 0.497

7.4 0.9446 10.077 0.283 0.9968 29.969 0.9870 34.934 0.429

1.2 0.9170 2.879 0.035 0.9354 8.584 0.9718 10.073 0.445

F7 5.5 0.9693 7.700 0.137a 0.9819 22.551 0.9943 22.397 0.504

7.4 0.9472 10.439 0.332 0.9968 30.039 0.9875 34.363 0.442

Table 4. Swelling studies of microspheres at different pH.

Formulation pH 1.2 pH 5.5 pH 7.4

F1 0.42 ± 0.001 2.54 ± 0.01 3.99 ± 0.0001

F2 0.44 ± 0.001 2.78 ± 0.01 4.06 ± 0.0001

F3 0.50 ± 0.001 2.83 ± 0.01 4.16 ± 0.0004

F4 0.53 ± 0.001 2.87 ± 0.01 4.28 ± 0.0001

F5 0.56 ± 0.001 2.90 ± 0.01 4.56 ± 0.0006

F6 0.55 ± 0.01 2.91 ± 0.01 4.78 ± 0.0001

F7 0.58 ± 0.01 2.94 ± 0.01 4.91 ± 0.0001
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Figure 6. Percentage release of drug from microspheres at different pH (A) 1.2 (B) 5.5 (C) 7.4

A

B

C
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mine thermal stabilities of IBH and microparticles.
The TGA curves of drug loaded microspheres dis-
played degradation in the temperature range
40ñ350OC with maximum weight loss (40%) around
350OC. The drug loaded samples show much better
thermal stability than pure drug shown in Figure 4. 

X-ray diffractometry (X-RD) 

X-RD analysis was used to investigate the
crystallinity of drug in formed microspheres. IBH
has shown the characteristics intense peaks at 2 θ of
12, 16, 20 and 25O due to its crystalline nature.
These characteristic peaks were not observed in
empty microspheres and IBH-loaded microspheres.
X-RD patterns of pure drug (A) IBH (B) EC (C) EL
100-55 (D) unloaded microspheres and (E) ivabra-
dine loaded microspheres are shown in Figure 5 that
clearly indicates that drug particles are distributed at
molecular level in the polymeric matrix (24). 

Swelling studies 

Swelling studies of a series of samples 100 :
00, 90 : 10, 80 : 20, 75 : 25, 70 : 30, 60 : 40, 50 : 50
of EL 100-55 and EC using 1% Span 80 as emulsi-
fying agent were measured at 37OC in buffer solu-
tion of pH 1.2, 5.5 and 7.4. In current study,
unloaded microspheres were first allowed to swell in
pH 1.2. After complete equilibration these samples
were shifted to buffer solution at pH 5.5 and 7.4. EL
100-55 is soluble at pH above 5.5 and have higher
water uptake ability at pH 7.4 while the EC is a pow-
erfully hydrophobic polymer and it does not absorb
much amount of water. When all seven formulations
were analyzed, it was exposed that the increase of
amount of EC decreases water uptake by micro-
spheres. Results of swelling studies of all formula-
tions are shown in Table 4 indicating that maximum
swelling was accomplished at pH 7.4. 

In vitro drug release 

The in vitro drug release of microspheres
depends on polymer network characteristics includ-
ing the chemical structure, network structure and
release conditions of polymers. IBH was selected as
model drug to study the release kinetics in prepared
microspheres having a varying amount of both poly-
mers. Cumulative drug release % from all formula-
tions (100 : 00, 90 : 10, 80 : 20, 70 : 30, 70 : 25, 60
: 40, 50 : 50) at different pH 1.2, 5.5 and 7.4 is
shown in Figure 6 A-C. Figure 6C showed the
cumulative release % at buffer solution of pH 7.4
indicating that drug release was higher than at other
pH 5.5 and 1.2. The in vitro drug release study indi-
cated that the combination of polymers and their

changed ratio changed the release rate of drug from
microspheres (8). Drug release of formulation F1
containing EL 100-55 were very slow at pH 1.2
because EL 100-55 is insoluble in an acid environ-
ment, it should prevent dissolution of IBH. At pH
5.5 F1 showed sustained release rate because EL
100-55 is soluble at pH 5.5 and dissolution process
takes relatively longer time because it involves the
process of absorption, swelling and disentangle-
ment, before drug release. F1 showed fastest release
at pH 7.4 due to EL100-55 solubility at pH greater
than 5.5 (25). Formulation F7 showed maximum
sustained release at pH 7.4 containing equal amount
of EL 100-55 and EC.

At high ratio of EC the microparticles become
impermeable to water and give very slow release of
drug as observed in formulation F7 at pH 7.4. F1
formulation comprising the highest amount of
EL100-55 releases 80.1% of drug within 6 h.
Another reason for rapid release of drug from for-
mulations containing higher amount of EL 100-55
was its highest solubility at pH 7.4. The other six
formulations F2, F3, F4, F5, F6 and F7 released
drug in a sustained release pattern up to 12 h and
cumulative release % of IBH was 90.1, 91.1, 91.5,
92.34, 93.5 and 94.5%, respectively. An increase in
polymer solution viscosity has produced micros-
pheres with decreased porosity due to thickening of
polymer wall. It is known that higher concentration
of EC concentration results in a longer diffusional
path length, so drug release is extended. The thick
polymeric barrier slowed the entry of surrounding
dissolution medium into the microspheres and hence
less quantity of drug released out from the polymer
matrices of the microspheres exhibiting sustained
release (26). It indicates that drug release mecha-
nism gradually transfer from diffusion mechanism
to erosion at dissolution medium of pH 7.4. 

Cumulative drug release from all formulations
at different pH 1.2, 5.5 and 7.4 is shown in Figure 6
(A, B and C) . Figure 6C showed the cumulative
release % at pH 7.4 indicating that drug release was
higher than at other pH 5.5 and 1.2. At pH 1.2 cumu-
lative release % of formulation F1 was 22.3% while
samples F2, F3, F4, F5, F6 and F7 released drug in
23.1, 24.8, 25.1, 25.7, 26.2 and 26.7%, respectively.
Figure 6B shows cumulative release % at pH 5.5 of
all formulations which were: 75.2, 74.1, 72.1, 71.1,
72.1 73.1 and 76.1%, respectively. Results of drug
release showed maximum drug release at pH 7.4 as
compared to pH 1.2 and 5.5. IBH was found to be sol-
uble in pH 1.2, 6.0 and 7.5 phosphate buffer, no sig-
nificant effect of pH on solubility was observed (27).
Dissolution studies were repeated three times (n = 3). 
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Drug release kinetics 

In vitro drug release mechanism was analyzed
by means of applying various kinetic models includ-
ing zero order, first order, Higuchi and Korsmeyer-
Peppas models as shown in Table 5. On the basis of
regression coefficient (R2), model best fitted to the
release data was selected. By applying zero order
model, value of R2 was found to be 0.7381-0.9693
and for first order model R2 was 0.9238-0.9963. For
Higuchi model the value of R2 was 0.9200-0.9983.
The values of R2 indicated that drug release followd
first order model. The result proposed that first order
was best fitted to the data and followed by drug
release. By applying Korsmeyer-Peppas model, the
value of ìnî for release of drug was calculated. This
value was found to be between 0.408-0.585, which
indicates that diffusion mechanism was non-Fickian
(28). Drug release from above formulation was like-
ly controlled by a combination of diffusion and ero-
sion mechanisms. 

CONCLUSION

In this study, IBH-loaded microspheres were
synthesized successfully by using EL 100-55 and EC
by O/O solvent evaporation method. SEM analysis
showed that the microspheres were in spherical
shape and uniformly separated. In vitro dissolution
studies revealed that all drug loaded formulations
had a pH-dependent drug release profile. Release
data for IBH show to be much higher at pH 7.4 as
compared to pH 1.2 and 5.5. Drug release studies
revealed that microspheres were able to release the
drug up to 12th h in phosphate buffer solution of pH
7.4 and almost above 90% of drug was released from
all formulations. Formulation F7 which had the EL
100-55/EC (50 : 50) was found to have best sustained
release behavior at pH 7.4 due to increased concen-
tration of EC. IBH in all formulations was present in
amorphous state as confirmed by DSC and XRD
analysis. So, we concluded that the prepared pH sen-
sitive IBH loaded-microspheres are an appropriate
application for controlled drug delivery systems. 
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