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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 d
have been incorporated into albumin microparticles. In the present study, bovine serum albumin (BSA) based microparticles bearing captopril v
prepared by an emulsification—heat stabilization technique. Four batches of microparticles with varying ratio of drug and polymer were prepat
The prepared microparticles were studied for drug loading, particle size distribution, in vitro release characteristics, in vivo tissuerdigtriyut
and stability studies. The microparticles had mean diameter between 2 amd dflwhich more than 70% were belowp®n and incorporation
efficiency of 41-63% was obtained. In vitro release profile for formulations containing captopril-loaded albumin microparticles with heiatstabiliz
technique shows slow controlled release up to 24 h. The in vivo result of drug-loaded microparticles showed preferential drug targeting to li
followed by lungs, kidneys and spleen. Stability studies showed that maximum drug content and closest in vitro release to initial data were fot
in the formulation stored at 4. In the present study, captopril-loaded BSA microparticles were prepared and targeted to various organs to
satisfactory level and were found to be stable @4
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of their use as carriers for drugs or other therapeutic agents.
Microparticles are made from natural and synthetic polymers.
The main problems associated with systemic drug delivenpifferent materials have been used for microparticles systems
include an uneven bio-distribution throughout the body, a lackike albumin, gelatin, starch, ethyl cellulose and synthetic poly-
of drug targeting specificity, the necessity of a large dose toners such as poly lactic acid, poly cyanoacrylates and poly
achieve high local concentration and adverse side effects dug/droxybutyrate. Routes of administration are by injection, i.e.
to such high doses. There is now a growing realization thaintravenous, intramuscular and intraarticular or by the nasal
innovative delivery of drugs would not only increase safetyroute. Microparticles suffer from a number of disadvantages in
and efficacy levels, but also improve the overall performancéheir use as carrier systems. Some of these are: they are cleared
of the drug Catherine et al., 2003The therapeutic benefits of and taken up from the circulation by the reticuloendothelial
new systems include increased efficacy of the drug site-specifizells, burst effect, i.e. premature drug release is seen, target site
delivery, decreased toxicity/side effects, increased conveniencspecificity of microparticles could be improved and poor entrap-
shorter hospitalizations, viable treatments for previously incurment of drugs (payload characteristics) is selemahe et al.,
able diseases, potential for prophylactic applications and lowe2003.
healthcare costs—both short and long term and better patient Currently captopril is routinely used in the management of
compliance llee and Robinson, 2000; Lalla, 1991 hypertension. Captopril is marketed in the conventional dosage
Microparticles are small solid particulate carriers containingform of tablet in usual strength of 12.5-50 mg. When the drug
dispersed drug particles either in solution or crystalline formis administered by oral route it undergoes first pass hepatic
The importance of microparticles has been growing becausmetabolism. The bioavailability of captopril is reduced to 55%
in presence of food and its half-life is less than Zbo{ and
Colucci, 200). These limitations of captopril in conventional
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preparing biodegradable microparticles as possible drug carrisupernatant was filtered through a O filter and the filtrate
for targeting and controlled release. was suitably diluted with buffer solution. The absorbance of the
resulting solution was measured at 217 nm.
2. Materials and methods
2.3.1.2. Entrapped drug. The residue obtained on centrifuga-
2.1. Materials tion was mixed with 5ml 0.1N acetic acid and stored &E4or
one night. In acetic acid the denaturated protein gets precipitated

Captopril BP was supplied by Macleods Pharmaceutical Ltdout, which is then later centrifuged at 5000 rpm. The absorbance
(Mumbai, India) and bovine serum albumin was purchased fron®f the filtrate was observed at 230 nm after filtration though a
(BSA Fraction V) LOBA Chemie Pvt. Ltd. (Mumbai, India). 0.45um filter and after suitable dilution.

Vegetable oil (refined sunflower oil) was purchased from Parakh

. - Macual
Foods Limited (Pune, India). Loading efficiency= ﬁ| x 100

where Macualis the actual amount of drug in formulations deter-
mined by above experiment aidieoretical iS the theoretical
BSA microparticles containing captopril were preparedamount of drug in formulations calculated from the quantity
b e L S . & An the fabrication processSpenoy et al., 1997; Li et al., 1997;
y emulsification—heat stabilization technique. Seventy flvei?amesh etal., 2002

milligrams of BSA was dissolved in 2ml deionised water "
containing 0.1% Tween 80, to which 50 mg captopril was . .
added and used as the aqueous phase. The oil phase compri§eye: Farticle size distribution

of 3ml sunflower oil and 1 ml petroleum ether with 1% Span article size analysis was done by scanning electron

80 (as emulsifier), which were mixed together and allowed"croscopy using ‘JEQL JSM-T330A scanning microscope
to stir for 10 min at 800—1000 rpm on a magnetic stirrer. The(Japan). Dry microparticles were placed on an electron micro-

agueous phase was added drop wise to the oil phase and stirrdg’Pe brass.stub and coated with gold inan ion ;putter. Pictures
at the same rpm for 30 min to form the primary emulsion. This® microparticles were taken by random scanning of the stub.

he diameters of about 100 microparticles were measured from

emulsion was then added to 75 ml of sunflower oil preheated t X ; .
e optical microscope of each batch. Finally, average mean

95-100°C using 21 No. needle and stirred at 1000—1200 rpn1,. . . :
for 15min to allow the formation and solidification of micro- diameters were obtaineBé¢dnekar and Singh, 2004; Chang and

spheres. The suspension was then allowed to cool to rom%uma’ 199%
temperature with continuous stirring using a magnetic stirrer, ) ; i
On cooling, 150 ml of anhydrous ether was added. The suspef=>-3- 11 Vitro release studies

sion containing the microparticles was centrifuged at 3500 rpm prug-loaded microparFicIes equivalent.to 25mg of dru_g were
for 30min and the settled microparticles were washed fopveighed and transferred into 2 100 ml conical flask. To this 50 ml

three times with ether to remove traces of oil on microparticleé)f 7.4pHPBS was added, then the flasks were keptin ametabolic

surfaces. The obtained microparticles were then vacuum drie?paker anc(l)the shake_r was adjusted to 50 hori_zontal shakes/min
in a desiccator overnight and stored &tG4in dark @Arshady, at 37+0.5°C. O.ne m.|II|I|t(.ar of the drug re_Ieasmg media was
1990; Tabassi and Rajavi, 2008our batches of microparticles withdrawn at various time intervals of 15min, 1, 2,4, 6, 8, 12, 16

were prepared by the above-mentioned method and labeled gglgi 241r1hand replacle d by thef'lsamz Vr? Iumﬁ of phospf;)ate buffer
CM-1, CM-2, CM-3 and CM-4Table J (Hakan etal., 2000  Salne. These samples were filtered though .#emembrane
filter. The filtrate was diluted suitably. The drug was estimated in

each batch by UV-vis spectrophotometer at 217 nm. For batch
CM-1, the drug release study was carried by HPTLC method for
comparing the results, which are coming from UV spectroscopy

2.3.1. Entrapment efficiency on .
— er and Groves, 1993; Shenoy et al., 1997
2.3.1.1. Unentrapped drug. Ten milliliters of pH 7.4 phosphate ( y »

buffer saline (PBS) was added to 10 mg of microparticles and thi
mixture was kept in an ultrasonicator. After centrifugation, the

2.2. Formulation of microparticles of captopril

2.3. Characterization of microparticles

.3.4. Invivo drug distribution studies

This study was carried out to compare the targeting effi-
ciency of drug-loaded microparticles with that of the free
Tablel ) o ) o drug in terms of percentage increase in targeting to various
Formulation design, drug entrapment efficiency and size distribution of

microparticles of different formulations organs of reticuloendothelial system like liver, lungs, kidney and

spleen.
Batch Formula (drug:polymer) Drug entrapment Average particle Thirty healthy adult Albino mice Weighing 35-40g were
. . ) _ Vg
efficiency (%) size (m) selected, a constant day and night cycle was maintained and
CM-1 115 63.06 2.15 they were fasted for 12 h. The animals were divided into six
gmg 1;2 23'83 sgg groups each containing five mice. Groups |, Il and 1l received
M4 130 41.20 1055 microparticles equivalent to 494 mcg of captopril intravenously

inthe tail vein after redispersing in sterile phosphate buffer saline
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solution. Microparticles from batch CM-2 were selected for the3.2. Particle size analysis
study. Groups IV and V received 494 mcg of pure captopril drug
intravenously and Group VI was kept as solvent control and Scanning electron photomicrographs of all the four formula-
received only saline phosphate buffer. tions are shown ifrig. 1 Average particle size of bovine serum

After 1 h the Groups I, IV and VI mice were sacrificed and albumin microparticles of captopril was found to be 2.15, 2.58,
their liver, lungs, kidney and spleen were isolated. The Group V7.75 and 10.55m for CM-1, CM-2, CM-3 and CM-4, respec-
was sacrificed after 2 hand Groups Il and Il were sacrificed aftetively (Table ) (Shishkova, 1999
12 and 24 h, respectively. The individual organs of each mice
were homogenized with adding small quantity of phosphate.3. Drug entrapment efficiency
saline buffer pH 7.4 and 0.1N acetic acid, then kept in fridge for
12 h to precipitate protein and then centrifuged at 15,000rpmto  The amount of drug bound per 10 mg of microparticles was
obtain the supernatant. The supernatant was filtered though @etermined in the prepared four batches. Drug entrapment effi-
ultra filter membrane of pore size Quén and drug content was ciency was calculated from drug content. The maximum entrap-
estimated using UV spectrophotometer at 230 Dhanaraj et ment was found in CM-1 (63.06%Y4ble .
al., 2001; Sawant et al., 20p1

3.4. Invitro release studies

2.3.5. Stability studies

All the four batches of captopril microparticles were tested The cumulative percent drug release of pure drug was found
for stability. All the preparations were divided into three sets ando be 98.04% at 2 h. Cumulative percent of drug release after 24 h
were stored at 4C (refrigerator), ambient temperature/humidity was 88.75, 81.37, 77.56 and 75.50% for CM-1, CM-2, CM-3 and
and 40°C (thermostatic oven). After 15, 30 and 60 days, drugCM-4, respectively, by UV spectroscopy. It was observed that
content of all the formulations was determined by the methodhe drug release from the formulations decreased with increase
discussed previously in entrapment efficiency section. In vitrdn the amount of polymer added in each formulation. It indi-
release study was also carried out of the best one formulatiopates that when compared with pure drug, the in vitro release of

(Oliva et al., 1999; Kulkarni et al., 2004 microparticles is prolonged over a period of 24Tal§le 2.
The in vitro release of all the four batches of microparticles
3. Results showed a bi-phasic release with an initial burst effect. In the first
hour, drugrelease was 23.79, 27.76, 28.82 and 29.19% for CM-1,
3.1. Percentage practical yield CM-2, CM-3 and CM-4 formulations, respectively. Afterwards

the drug release followed a steady pattern approximating zero-

Percentage practical yield increased as the amount of polymerder release. The mechanism for the burst release in the first

added to each formulation decreased. Maximum yield was fountdour can be attributed to the drug loaded on the microparticles
to be 63.81% in CM-1. surface or imperfect albumin entrapment.

15KV X2.@88 16rkm B@50086848
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Fig. 1. Scanning electron microscopy of prepared microparticles: CM-1 (A), CM-2 (B), CM-3 (C) and CM-4 (D).
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Table 2 4 were 0.3592, 0.2883, 0.2585 and 0.2181, respectively, which
In vitro release studies of different formulations is less than 0.45.

Time (7, h) Cumulative percentage of drug released

oML CcM-2 CcM-3 M2 3.5. Invivo tissue distribution studies

2-25 21;’-73: 2271;": 225-883 gfg The average distribution efficiency of drug-loaded micropar-
> 3718 3518 34.95 32.96 ticles was found to be 11.74% in liver, 7.69% in lungs, 5.67%
4 48.98 40.83 37.88 34.45 in spleen and 8.5_0% in kidneys after_ 24N, Whereas accumgla-
6 58.49 44.77 41.88 38.23 tion of pure drug in liver was 7.69%, in lungs it was 4.86%, in

8 64.41 50.42 46.00 42.55 spleen 2.02% and in kidneys 2.63% of the injected dose after
12 71.30 59.76 53.88 50.69 2h (I'able 3
16 76.11 70.47 66.44 65.59
24 88.75 81.37 77.56 75.50

3.6. Stability studies

In vitro release studies revealed that the formulation (CM-

An alternative method to estimate the drug release concer2) stored at 4C showed 82.84% release, the one which was
tration of formulation CM-1 was carried out by HPTLC. The stored at ambient temperature/humidity showed 83.37% and
graph of HPTLC is shown ifrig. 2 40°C batch showed 83.68% release after 24 h.

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. Discussion
0.9915, respectively. The regression coefficient for formulations
CM-1 to CM-4 of first-order plot were found to be0.9898, Inthe present study, an attempt was made to formulate capto-
—0.9972,—-0.9928 and-0.9850, respectively. Hixson Crow- pril as microparticulate drug delivery system in order to localize
ell plot regressions coefficient of formulations CM-1 to CM-4 drug at the absorption site, enhance its bioavailability, reduce
were found to be-0.9765,—0.9961,—0.9941 and-0.9889, dose, there by improving patient compliance. Microparticulate
respectively. The regression coefficient for formulations CM-1system of captopril was formulated using bovine serum albumin
to CM-4 of Higuchi matrix plot was found to be 0.9858, 0.9963, (natural polymer) as carrier by emulsification—heat stabilizing
0.9875and 0.9619, respectively. Thevalues for CM-1toCM-  method. Prior to formulation, preformulation studies were car-
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Fig. 2. Plots of cumulative percentage drug released vs. root time for different formulations of captopril microspheres (in vitro releasegjudl@anptrix]:
CM-1 (4), CM-2 (@), CM-3 (a) and CM-4 @).

Table 3
In vivo tissue distribution studies of bovine serum albumin microparticles of captopril and pure drug
Organs Drug content (%)
Group | after 1h Group Il after 12h Group lll after 24 h Group IV after 1 h Group V after 2h
Liver 34.01 25.10 11.74 22.67 7.69
Lungs 20.65 19.03 7.69 17.81 4.86
Kidney 17.41 15.79 8.50 10.53 2.63

Spleen 13.77 11.74 5.67 7.69 2.02




PM. Dandagi et al. / International Journal of Pharmaceutics 307 (2006) 83-88 87

(A) (B)

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 100
polymer by IR spectroscopy. 90
Percentage practical yield was found to be maximum in 80
formulation CM-1. Percentage practical yield increased as 70
the amount of polymer added to each formulation decreased, 50
although it may not be dependent upon drug concentration in 30
the formulation. Patrticle size of the drug-loaded microparticles 40,
revealed that the particles were in micron range. The particle 309
size of the albumin microparticles is 2—Lin. The microparti- 201
cles described in this study were spherical, smooth surfaced and
without porous. Drug entrapment efficiency was found to be 0 05 1 1s 2 as
maximum in CM-1. It was observed that drug entrapment effi-
ciency increased with increase in concentration of drug added
in consecutive formulations. Fig. 4. 3D view of HPTLC of in vitro release profile of CM-1 formulation. First

In vitro release study was analyzed using various mathema{(_)ur tracks for standard calibration peak, tracks 5-13 are drug release samples
. . . and last track for maximum drug concentration in the formulation.

ical models. Cumulative percent of drug release with respect to
time was found to be highest for formulation CM-1 and low-
eslt for ftohrmtt: Iattlc;: C'Vg4|' fBaé?\jlj tlanénlezregrgscs&; r;coeff:::letn}mum drug was retained by formulation CM-2 when stored
vadues, deCI\/(IESAf_fI ”mo 3 or d : I_ an R -It W?Z.'rs “at 4°C. Drug content of the formulation CM-2 stored at var-
orderand L.-4 followed zero-order release. ResUlts of MIXSOfl, s temperature conditions reduced in the following order:
Crowell plot indicated that CM-3 and CM-4 appear to fit this

del. It | b d that CM-2 foll d Hiauchi matri 4°C>RT>40°C. In vitro release data of stability studies indi-
model. Ttwas aiso observed that LIVi-2 Toflowed Higuchi matriX . oo that very less variation in release was found & tbllowed
suggesting drug release by diffusidfid. 3).

I . byroomtemperature and 4C. From the above studies, itcan be
The ‘n’ values of Peppas suggest Fickian release and Hix y P

. . concluded that 4C is the most suitable temperature for storage
son Crowell regression data show that formulations also appeaj captopril microparticles

to release drug by erosion mechanism and the release is drug
dissolution limited Fig. 4).

Overall, the curve fitting into various mathematical models
was found to be average and the in vitro release of formulations

best fitted into the Peppas model followed by Higuchi's andbai, for providing gift sample of Captopril BP and Principal,

Hixson Crowgll model. . . .. K.L.E.S’s College of Pharmacy, Belgaum, for providing neces-

Onthe basis of drug content, particle size morphology, in vitro -

o . %ary facilities.
release and release kinetics, formulation CM-2 was selecte
as an optimum formulation for in vivo and stability studies.
Present study shows that the targeting efficiency of drug-loade
m|cropart|c|es over free Qrug was higher, WhICh may pr0V|qurshady, R., 1990. Albumin microspheres and microcapsules: methodology
IncreaSEd therapeutlc eﬁlcacy MOI’EOVGI’, hlghel’ Concentratlon of manufacturing techniquesl J. Control. Release 14’ 111-131.
of drug targeted to various organs may help in reduction ofatherine, C.B., Stephen, W., Charles, S., Curtis, A.G., 2003. Potential drug-
dose required for the therapy and thereby dose related side cell delivery routes using magnetic nanoparticles. Eur. Cells Mater. 6,
effects could be minimized. The in vivo drug targeting studies 29-34. I -
. . . L Chang, W.C., Gupta, K.R., 1996. Stabilization of tetanus toxoid in paky(

revealed the following order of targeting (tissue distribution):

. . lactic-coglycolic acid) microspheres for the controlled release of antigen.
liver > lungs > kidneys > spleen. J. Pharm. Sci. 85, 129-132.

CUM. % DRUG RELEASED

3 35 4 4.5 5
ROOT TIME (h)

Drug content data of stability studies indicate that max-
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