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Biodegradable microparticulate system of captopril
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Abstract

Albumin microparticles have found many applications in diagnosis and treatment in recent years and more than 100 diagnostic agents and drugs
have been incorporated into albumin microparticles. In the present study, bovine serum albumin (BSA) based microparticles bearing captopril were
prepared by an emulsification–heat stabilization technique. Four batches of microparticles with varying ratio of drug and polymer were prepared.
The prepared microparticles were studied for drug loading, particle size distribution, in vitro release characteristics, in vivo tissue distribution study
and stability studies. The microparticles had mean diameter between 2 and 11�m of which more than 70% were below 5�m and incorporation
efficiency of 41–63% was obtained. In vitro release profile for formulations containing captopril-loaded albumin microparticles with heat stabilizing
technique shows slow controlled release up to 24 h. The in vivo result of drug-loaded microparticles showed preferential drug targeting to liver
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ollowed by lungs, kidneys and spleen. Stability studies showed that maximum drug content and closest in vitro release to initial data
n the formulation stored at 4◦C. In the present study, captopril-loaded BSA microparticles were prepared and targeted to various or
atisfactory level and were found to be stable at 4◦C.
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. Introduction

The main problems associated with systemic drug delivery
nclude an uneven bio-distribution throughout the body, a lack
f drug targeting specificity, the necessity of a large dose to
chieve high local concentration and adverse side effects due

o such high doses. There is now a growing realization that
nnovative delivery of drugs would not only increase safety
nd efficacy levels, but also improve the overall performance
f the drug (Catherine et al., 2003). The therapeutic benefits of
ew systems include increased efficacy of the drug site-specific
elivery, decreased toxicity/side effects, increased convenience,
horter hospitalizations, viable treatments for previously incur-
ble diseases, potential for prophylactic applications and lower
ealthcare costs—both short and long term and better patient
ompliance (Lee and Robinson, 2000; Lalla, 1991).

Microparticles are small solid particulate carriers containing
ispersed drug particles either in solution or crystalline form.
he importance of microparticles has been growing because

of their use as carriers for drugs or other therapeutic ag
Microparticles are made from natural and synthetic polym
Different materials have been used for microparticles sys
like albumin, gelatin, starch, ethyl cellulose and synthetic p
mers such as poly lactic acid, poly cyanoacrylates and
hydroxybutyrate. Routes of administration are by injection
intravenous, intramuscular and intraarticular or by the n
route. Microparticles suffer from a number of disadvantage
their use as carrier systems. Some of these are: they are c
and taken up from the circulation by the reticuloendoth
cells, burst effect, i.e. premature drug release is seen, targ
specificity of microparticles could be improved and poor ent
ment of drugs (payload characteristics) is seen (Dvane et al.
2003).

Currently captopril is routinely used in the managemen
hypertension. Captopril is marketed in the conventional do
form of tablet in usual strength of 12.5–50 mg. When the d
is administered by oral route it undergoes first pass he
metabolism. The bioavailability of captopril is reduced to 5
in presence of food and its half-life is less than 2 h (Ooi and
Colucci, 2001). These limitations of captopril in convention
∗ Corresponding author. Tel.: +91 831 2471834; fax: +91 831 2472387.
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dosage form can be overcome by administering captopril by
other routes of administration. The present work is aimed at

378-5173/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2005.10.025



84 P.M. Dandagi et al. / International Journal of Pharmaceutics 307 (2006) 83–88

preparing biodegradable microparticles as possible drug carrier
for targeting and controlled release.

2. Materials and methods

2.1. Materials

Captopril BP was supplied by Macleods Pharmaceutical Ltd.
(Mumbai, India) and bovine serum albumin was purchased from
(BSA Fraction V) LOBA Chemie Pvt. Ltd. (Mumbai, India).
Vegetable oil (refined sunflower oil) was purchased from Parakh
Foods Limited (Pune, India).

2.2. Formulation of microparticles of captopril

BSA microparticles containing captopril were prepared
by emulsification–heat stabilization technique. Seventy-five
milligrams of BSA was dissolved in 2 ml deionised water
containing 0.1% Tween 80, to which 50 mg captopril was
added and used as the aqueous phase. The oil phase comprised
of 3 ml sunflower oil and 1 ml petroleum ether with 1% Span
80 (as emulsifier), which were mixed together and allowed
to stir for 10 min at 800–1000 rpm on a magnetic stirrer. The
aqueous phase was added drop wise to the oil phase and stirred
at the same rpm for 30 min to form the primary emulsion. This
e ed to
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supernatant was filtered through a 0.45�m filter and the filtrate
was suitably diluted with buffer solution. The absorbance of the
resulting solution was measured at 217 nm.

2.3.1.2. Entrapped drug. The residue obtained on centrifuga-
tion was mixed with 5 ml 0.1N acetic acid and stored at 4◦C for
one night. In acetic acid the denaturated protein gets precipitated
out, which is then later centrifuged at 5000 rpm. The absorbance
of the filtrate was observed at 230 nm after filtration though a
0.45�m filter and after suitable dilution.

Loading efficiency= Mactual

Mtheoretical
× 100

where,Mactualis the actual amount of drug in formulations deter-
mined by above experiment andMtheoretical is the theoretical
amount of drug in formulations calculated from the quantity
in the fabrication process (Shenoy et al., 1997; Li et al., 1997;
Ramesh et al., 2002).

2.3.2. Particle size distribution
Particle size analysis was done by scanning electron

microscopy using JEOL JSM-T330A scanning microscope
(Japan). Dry microparticles were placed on an electron micro-
scope brass stub and coated with gold in an ion sputter. Pictures
of microparticles were taken by random scanning of the stub.
The diameters of about 100 microparticles were measured from
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mulsion was then added to 75 ml of sunflower oil preheat
5–100◦C using 21 No. needle and stirred at 1000–1200

or 15 min to allow the formation and solidification of mic
pheres. The suspension was then allowed to cool to
emperature with continuous stirring using a magnetic st
n cooling, 150 ml of anhydrous ether was added. The su
ion containing the microparticles was centrifuged at 3500
or 30 min and the settled microparticles were washed
hree times with ether to remove traces of oil on micropart
urfaces. The obtained microparticles were then vacuum
n a desiccator overnight and stored at 4◦C in dark (Arshady
990; Tabassi and Rajavi, 2003). Four batches of microparticl
ere prepared by the above-mentioned method and labe
M-1, CM-2, CM-3 and CM-4 (Table 1) (Hakan et al., 2000).

.3. Characterization of microparticles

.3.1. Entrapment efficiency

.3.1.1. Unentrapped drug. Ten milliliters of pH 7.4 phospha
uffer saline (PBS) was added to 10 mg of microparticles an
ixture was kept in an ultrasonicator. After centrifugation,

able 1
ormulation design, drug entrapment efficiency and size distributio
icroparticles of different formulations

atch Formula (drug:polymer) Drug entrapment
efficiency (%)

Average particle
size (�m)

M-1 1:1.5 63.06 2.15
M-2 1:2.0 53.63 2.58
M-3 1:2.5 47.90 7.75
M-4 1:3.0 41.20 10.55
.
-

d

s

he optical microscope of each batch. Finally, average m
iameters were obtained (Pednekar and Singh, 2004; Chang
upta, 1996).

.3.3. In vitro release studies
Drug-loaded microparticles equivalent to 25 mg of drug w

eighed and transferred into a 100 ml conical flask. To this 5
f 7.4 pH PBS was added, then the flasks were kept in a meta
haker and the shaker was adjusted to 50 horizontal shake
t 37± 0.5◦C. One milliliter of the drug releasing media w
ithdrawn at various time intervals of 15 min, 1, 2, 4, 6, 8, 12
nd 24 h and replaced by the same volume of phosphate
aline. These samples were filtered though 0.45�m membran
lter. The filtrate was diluted suitably. The drug was estimate
ach batch by UV–vis spectrophotometer at 217 nm. For b
M-1, the drug release study was carried by HPTLC metho
omparing the results, which are coming from UV spectros
Oner and Groves, 1993; Shenoy et al., 1997).

.3.4. In vivo drug distribution studies
This study was carried out to compare the targeting

iency of drug-loaded microparticles with that of the f
rug in terms of percentage increase in targeting to va
rgans of reticuloendothelial system like liver, lungs, kidney
pleen.

Thirty healthy adult Albino mice weighing 35–40 g we
elected, a constant day and night cycle was maintaine
hey were fasted for 12 h. The animals were divided into
roups each containing five mice. Groups I, II and III rece
icroparticles equivalent to 494 mcg of captopril intraveno

n the tail vein after redispersing in sterile phosphate buffer s



P.M. Dandagi et al. / International Journal of Pharmaceutics 307 (2006) 83–88 85

solution. Microparticles from batch CM-2 were selected for the
study. Groups IV and V received 494 mcg of pure captopril drug
intravenously and Group VI was kept as solvent control and
received only saline phosphate buffer.

After 1 h the Groups I, IV and VI mice were sacrificed and
their liver, lungs, kidney and spleen were isolated. The Group V
was sacrificed after 2 h and Groups II and III were sacrificed after
12 and 24 h, respectively. The individual organs of each mice
were homogenized with adding small quantity of phosphate
saline buffer pH 7.4 and 0.1N acetic acid, then kept in fridge for
12 h to precipitate protein and then centrifuged at 15,000 rpm to
obtain the supernatant. The supernatant was filtered though an
ultra filter membrane of pore size 0.2�m and drug content was
estimated using UV spectrophotometer at 230 nm (Dhanaraj et
al., 2001; Sawant et al., 2001).

2.3.5. Stability studies
All the four batches of captopril microparticles were tested

for stability. All the preparations were divided into three sets and
were stored at 4◦C (refrigerator), ambient temperature/humidity
and 40◦C (thermostatic oven). After 15, 30 and 60 days, drug
content of all the formulations was determined by the method
discussed previously in entrapment efficiency section. In vitro
release study was also carried out of the best one formulation
(Oliva et al., 1999; Kulkarni et al., 2004).
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3.2. Particle size analysis

Scanning electron photomicrographs of all the four formula-
tions are shown inFig. 1. Average particle size of bovine serum
albumin microparticles of captopril was found to be 2.15, 2.58,
7.75 and 10.55�m for CM-1, CM-2, CM-3 and CM-4, respec-
tively (Table 1) (Shishkova, 1999).

3.3. Drug entrapment efficiency

The amount of drug bound per 10 mg of microparticles was
determined in the prepared four batches. Drug entrapment effi-
ciency was calculated from drug content. The maximum entrap-
ment was found in CM-1 (63.06%) (Table 1).

3.4. In vitro release studies

The cumulative percent drug release of pure drug was found
to be 98.04% at 2 h. Cumulative percent of drug release after 24 h
was 88.75, 81.37, 77.56 and 75.50% for CM-1, CM-2, CM-3 and
CM-4, respectively, by UV spectroscopy. It was observed that
the drug release from the formulations decreased with increase
in the amount of polymer added in each formulation. It indi-
cates that when compared with pure drug, the in vitro release of
microparticles is prolonged over a period of 24 h (Table 2).
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.1. Percentage practical yield

Percentage practical yield increased as the amount of po
dded to each formulation decreased. Maximum yield was f

o be 63.81% in CM-1.

Fig. 1. Scanning electron microscopy of prepared
r

The in vitro release of all the four batches of microparti
howed a bi-phasic release with an initial burst effect. In the
our, drug release was 23.79, 27.76, 28.82 and 29.19% for C
M-2, CM-3 and CM-4 formulations, respectively. Afterwa

he drug release followed a steady pattern approximating
rder release. The mechanism for the burst release in th
our can be attributed to the drug loaded on the micropar
urface or imperfect albumin entrapment.

particles: CM-1 (A), CM-2 (B), CM-3 (C) and CM-4 (D).
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Table 2
In vitro release studies of different formulations

Time (T, h) Cumulative percentage of drug released

CM-1 CM-2 CM-3 CM-4

0.25 19.36 21.92 22.80 27.32
1 23.79 27.76 28.82 29.19
2 37.18 35.18 34.96 32.96
4 48.98 40.83 37.88 34.45
6 58.49 44.77 41.88 38.23
8 64.41 50.42 46.00 42.55

12 71.30 59.76 53.88 50.69
16 76.11 70.47 66.44 65.59
24 88.75 81.37 77.56 75.50

An alternative method to estimate the drug release concen-
tration of formulation CM-1 was carried out by HPTLC. The
graph of HPTLC is shown inFig. 2.

The regression coefficient for formulations CM-1 to CM-4
of zero-order plot were found to be 0.9238, 0.9796, 0.9873 and
0.9915, respectively. The regression coefficient for formulations
CM-1 to CM-4 of first-order plot were found to be−0.9898,
−0.9972,−0.9928 and−0.9850, respectively. Hixson Crow-
ell plot regressions coefficient of formulations CM-1 to CM-4
were found to be−0.9765,−0.9961,−0.9941 and−0.9889,
respectively. The regression coefficient for formulations CM-1
to CM-4 of Higuchi matrix plot was found to be 0.9858, 0.9963,
0.9875 and 0.9619, respectively. The ‘n’ values for CM-1 to CM-

4 were 0.3592, 0.2883, 0.2585 and 0.2181, respectively, which
is less than 0.45.

3.5. In vivo tissue distribution studies

The average distribution efficiency of drug-loaded micropar-
ticles was found to be 11.74% in liver, 7.69% in lungs, 5.67%
in spleen and 8.50% in kidneys after 24 h, whereas accumula-
tion of pure drug in liver was 7.69%, in lungs it was 4.86%, in
spleen 2.02% and in kidneys 2.63% of the injected dose after
2 h (Table 3).

3.6. Stability studies

In vitro release studies revealed that the formulation (CM-
2) stored at 4◦C showed 82.84% release, the one which was
stored at ambient temperature/humidity showed 83.37% and
40◦C batch showed 83.68% release after 24 h.

4. Discussion

In the present study, an attempt was made to formulate capto-
pril as microparticulate drug delivery system in order to localize
drug at the absorption site, enhance its bioavailability, reduce
dose, there by improving patient compliance. Microparticulate
system of captopril was formulated using bovine serum albumin
( zing
m car-
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ig. 2. Plots of cumulative percentage drug released vs. root time for di
M-1 (�), CM-2 (�), CM-3 (�) and CM-4 (�).

able 3
n vivo tissue distribution studies of bovine serum albumin microparticles

rgans Drug content (%)

Group I after 1 h Group II after 12 h

iver 34.01 25.10

ungs 20.65 19.03
idney 17.41 15.79 8
pleen 13.77 11.74
natural polymer) as carrier by emulsification–heat stabili
ethod. Prior to formulation, preformulation studies were

t formulations of captopril microspheres (in vitro release studies) [Higuchi matrix]:

ptopril and pure drug

roup III after 24 h Group IV after 1 h Group V afte
7.69 17.81 4.86
.50 10.53 2.63

5.67 7.69 2.02
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Fig. 3. Scanning electron microscopy of before and after in vitro release microparticles of CM-2: before erosion (A) and after erosion (B).

ried out in order to establish compatibility between drug and
polymer by IR spectroscopy.

Percentage practical yield was found to be maximum in
formulation CM-1. Percentage practical yield increased as
the amount of polymer added to each formulation decreased,
although it may not be dependent upon drug concentration in
the formulation. Particle size of the drug-loaded microparticles
revealed that the particles were in micron range. The particle
size of the albumin microparticles is 2–11�m. The microparti-
cles described in this study were spherical, smooth surfaced and
without porous. Drug entrapment efficiency was found to be
maximum in CM-1. It was observed that drug entrapment effi-
ciency increased with increase in concentration of drug added
in consecutive formulations.

In vitro release study was analyzed using various mathemat-
ical models. Cumulative percent of drug release with respect to
time was found to be highest for formulation CM-1 and low-
est for formulation CM-4. Based on the regression coefficient
values, the best-fit model for CM-1, CM-2 and CM-3 was first-
order and CM-4 followed zero-order release. Results of Hixson
Crowell plot indicated that CM-3 and CM-4 appear to fit this
model. It was also observed that CM-2 followed Higuchi matrix
suggesting drug release by diffusion (Fig. 3).

The ‘n’ values of Peppas suggest Fickian release and Hix-
son Crowell regression data show that formulations also appear
to release drug by erosion mechanism and the release is drug
d
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Fig. 4. 3D view of HPTLC of in vitro release profile of CM-1 formulation. First
four tracks for standard calibration peak, tracks 5–13 are drug release samples
and last track for maximum drug concentration in the formulation.

Drug content data of stability studies indicate that max-
imum drug was retained by formulation CM-2 when stored
at 4◦C. Drug content of the formulation CM-2 stored at var-
ious temperature conditions reduced in the following order:
4◦C > RT > 40◦C. In vitro release data of stability studies indi-
cate that very less variation in release was found at 4◦C followed
by room temperature and 40◦C. From the above studies, it can be
concluded that 4◦C is the most suitable temperature for storage
of captopril microparticles.
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