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ABSTRACT KEYWORDS
The aim of this study wasto prepare Rifampicin-loaded Polycaprolactone Invitro release;
(PCL) microspheres by emulsion solvent evaporation technique with Microspheres;
different drug-to-polymer ratios (1:5), (1:10), (1:15), (1:20) and (1:25), Polycaprolactone (PCL);

characterize and evaluate the in vitro performance. The microsphereswere Rifampicin (RIFA).
characterized for particle size, surface morphology, drug excipient
compatibility, percentage yield, drug entrapment, and in vitro release
kinetics. Of fiveformulationsprepared, MP 4, i.e., 1:20 (drug-polymer) ratio
was sel ected as the optimized formulation based on particle size, particle
shape, and the release behavior. The size of microspheres was found to be
ranging from 1.9 to 2.3 um. The shape of microspheres was found to be
spherical by SEM. Among the four formulations, MP 4 (1:20) showed a
maximum percentageyield of 79% = 3.4%. There was no interaction between
drug and polymer by FT-1R study. In theinvitro rel ease study, formulation
MP 4 showed 75.6 % drug release and was found to be sustained for 15
days. The microsphere formulations were able to sustain the release of
druginvitro. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

PCL isone of the biodegradable, biocompatible
andwater insol uble polymer suitablefor controlled drug
dedlivery dueto ahigh permesability to many drugsand
at the sametimebeing freefrom toxicity and low cost
when compared to other biodegradable polyesters. It
hasthe ability to form compatible blendswith other
polymers. Biodegradation of PCL isvery dow incom-
parisonto other polymers, soitismost suitablefor long-
term ddivery. Releaserate of drug from PCL depends
onthetype of formulation, method of preparation, PCL
content, size and percent of drug loaded in the
microcapsules. Within thelast decades, PCL polymers

have been mg or areasof concernto devel op controlled
delivery systemsespecially for peptidesand proteins.
Despite considerableresearch effortsand impressive
progress madein recent years, the question of feasibil-
ity of injectable PCL microspheresasprotein/peptide
or avaccinedelivery system remainsopen to debate.
Microencapsul ation techni ques have been devel oped
to alow incorporation of sensitive proteinsinto PCL
polymersunder mild conditions. The successful use of
these polymersin pharmaceutica gpplicationshasnatu-
radly ledto theevauation of other diphatic polyesters
such as poly (caprolactone) (PCL), abiocompatible
semi-crystalline polymer with avery low glasstrang--
tion temperaturé¥. Theinterest of PCL hasbeenre-
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cently highlighted asaplatformfor sustained ddivery of
antigen and low molecular weight drugs?.

MATERIALAND METHOD

Material

Polycaprolactone (Av. M, . .,,) Was purchased
from Sigma-Aldrich(Mumba, INDIA), Rifampicinwas
agift samplefrom Macleod Pharmaceutical's, Mumbal.
Polyvinyl Alcohol was purchased from Qualichens, New
Ddhi.

Preparation of PCL microspheres

Microspheresof Rifampicin (RIFA) using biode-
gradabl e polycaprol actone asthe polymer were pre-
pared by emul sion-sol vent evaporation method®. Five
different formulationsMP 1, MP2, MP3, MP4, MP5
containing drug-polymer intheratio of 1.5, 1:10, 1:15
1:20 and 1:25 respectively, were prepared.
Dichloromethane (10 ml) wastaken astheorganic phase
inwhich polymer and drug weredissolved. Thedrug
content wasalways20 mginal thebatches. Theague-
ous phase contained polyvinyl alcohol (PVA) solutions
inwater at 2.5% w/v (40 ml). The organic phasewas
added to the aqueous phase drop by drop while the
agueous phasewaskept for stirring on amagnetic stir-
rer. Theresultant emulsion was homogenized for 10
minwith an Ultraturax® homogenizer at 2000 rpm.
Subsequent evaporation of the DCM was carried out
with mechanicd stirring a room temperaturetill com-
plete evaporation of dichloromethane occurred®. As
the organi c phase evaporates, preci pitation of the poly-
mer and drug occurs dueto which drug getsentrapped
inthe polymer and stirring resultsinsizereduction as
well asaspherica particleformation. Microparticles
were collected by centrifugation and washed by dis-
persioninwater with subssquent centrifugation; thisstep
wasrepeated threetimes. Microsphereswerethenair
dried.

Characterization of RIFA-loaded PCL
microspheres

Particlesizingand mor phology

Themicrosphereswereanalyzed for their szeand
polydispersity index on Zetasizer Nano ZS, Malvern
instruments, based on photon correl ation spectroscopy,
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at a scattering angle of 90° and temperature of 25°.
Measurementswere carried out both for freshand air-
dried samples. Before counting, the samplesweredi-
luted with a0.05% (w/v) tween 80 water solutionin
order to prevent preci pitation during the measurements.
Theresultswerethemeansof triplicate experiments.

Surfacecharge(Zeta-potential)

The surface charge of themicrosphereswas deter-
mined with Zetasizer Nano ZS, Mavern instruments.
The measurementswere carried out in an aqueous so-
[ution of KCI 0.1N. Immediately beforethe determina
tionsmicrosphereswerediluted with KCl solution. The
measured values were corrected to astandard refer-
encefor temperature of 20°. The results are the means
of triplicateexperiments.

Particlemor phology

The surfacemorphol ogy (roundness, smoothness)
and thesize of microparticlesformulationswere stud-
ied by scanning electron microscope (SEM). The
sampleswerediluted with distilled water and measured
a room temperaturewith ascattering angleof 90°. The
data obtained after the observation wereanayzed ac-
cordingly.

M easurement of entrapment efficiency of RIFA
in PCL microspheres

A seriesof rifampicin solutions of known concen-
trationsin acetonitrilewere prepared, and absorbances
weremeasured in order to generateacadlibration curve.
Therifampicin content of each ot of microsphereswas
determined by first extracting therifampicin and quanti-
fying theamount of drug spectrophotometrically. The
drug encapsul ation efficiency (EE %) wascdculaed as
the percentageof drug entrapped in microspherescom-
pared with the initial amount of drug recovered in
unpurified samples. The concentration of rifampicin
contained in each sample was determined by measur-
ing the absorbance on aspectrophotometer at 485 nm.

Release studies

Invitro release of RIFA from PCL microspheres
was determined using as the rel ease mediums, phos-
phate buffer pH 7.4. Air-dried formul ationswere sus-
pended in 500 ml of the dissolution medium. Therewas
0.1%wi/v of citric acid added to dissol ution mediumto
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prevent the degradation of RIFA during the process.
The experiments were carried out at 37 +£0.5°C at a
rotation speed of 100 £2 rpm. A measure of 1 ml
sampleswaswithdrawn at appropriatetimeintervals
and centrifuged at 10000 RPM. Supernatantsweredi-
luted suitably with acetonitrile and absorbance of the
resulting solution was measured at 485 nm. Theresi-
due(after centrifugation) wasredispersedin 1 ml of the
fresh dissol ution medium and replaced back into the
dissol ution apparatus. Thecumulativeamount of RIFA
was obtained fromthe calibration curvesof RIFinac-
etonitrile. The stock standard sol ution of RIFA (2 mg/
ml) wasprepared by dissolving thedrugin acetonitrile
and storing at 4°C. A standard calibration curve was
built up by using standard sol utions prepared by dilu-
tion of the stock standard solutionwith acetonitrile.
EE={ Experimental drug content - free drug content/
Experimental drug content} * 100

Drug Loading = (Mass of drug determined/ M ass of
MP produced) * 100

Satistical analyses

All experimentswererepeated at |east threetimes.
Resultsare expressed as means= standard deviation.
A difference between the meanswas considered sig-
nificant if thep valuewaslessthan or equal to 0.05.

Kineticof drugrelease

In order to understand the mechanism and kinetics
of drug release, theresult of thein vitro dissolution sudy
of microsphereswerefitted with variouskinetic equa
tions, such as zero-order (percentage rel ease versus
time), first-order (log percentage of cumulative drug
remaining versustime) and Higuchi’s model (percent-
agedrug release versus squareroot of time. Correla-
tion coefficient (R?) valueswereca culated for thelin-
ear curvesobtained by regression anadysisof theabove
plots®.

RESULT AND DISCUSSION

Preparation of RIFA-loaded PCL microspheres

Solvent evaporation method isthe most popular
and smpletechniqueof preparing PCL microparticles.
It involvesemulsifyingadrug-contai ning organic poly-
mer solutioninto adisperson medium. Theo/w method

—— Fyll Peper

was used inthiswork. For thistechnique, drugisdis-
solved or dispersed in asolution of the polymer ina
water-immiscible and volatile organic solvent
dichloromethane (DCM). Thisdispersonisemulsified
into an aqueous phase. The organic solvent then dif-
fusesinto the aqueous medium and finally evaporates
into theair. In the sol vent evaporation method, polyvi-
nyl dcohol (PVA) iswidely used asanemulgfier inthe
externd agueousphaseand dichloromethaneisthemost
commonly used solvent to dissol ve the polymer.

Physico-chemical evaluation of microsphere.

The microspheres prepared by emulsion solvent
evaporation method wereeva uated for thefollowing
characterigtics. Drug-excipientscompati bility study was
carried out by the FTIR analysis of pure polymer
(polycaprolactone), micro particular system (RIFA mi-
cro particle), and placebo microparticles

Polycaprolactone (PCL)

Jl

| PCL Microsphere (Drug Free)

0T |

: PCL-RIF Microsphere

eml

Figurel: Showing FTIR Spectra
(polycaprolactone) Figure 1.

Theeffect of polymer concentration on properties
of micro-particles

Polymer concentrationisalso akey factor. Inthis
study, two PCL concentrations, 100 to 800 mg/10 ml,
weretakeninthe preliminary test. The concentrations
showed the best result in preliminary test is100to 500
mg/10 ml. Theencapsul ation efficiency wasincreased
by increasing PCL concentration from 3to5 g/100 ml
Figure 2. By increasing the polymer concentration in
theorganic phase, theviscosity of thesolutionwasin-
creased. Increasing viscosity can decreasethe RIFA
diffusioninto the agueous phaseand thusincreasethe
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RIFA incorporation into the microparticles®. Conse-
quently, theencapsul ation efficiency of micro-particles
wasincreased by increasing the polymer concentra-
tion. Conversely, RIF loading (%) was decreased by
increasing PCL concentration Figure 3. Increasing vis-
cosity increased the total mass of PCL inthe micro-
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Figure 2 : Effect of PCL concentration on Entrapment
Efficiency
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Figure3: Effect of PCL concentration on DrugL oading
% Yield
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Figure4: Effect of PCL Concentrationon % Yield
particlesi,e%yied Figure4.

Size and morphological properties of PCL
microspheres

MP 3
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RIFA-loaded PCL microsphereswereobtainedin
the sizerange around 2 um and good polydispersity
index asshownintable Figures5,6. PCL microparticles
sizeisnormally affected by the presenceof anemuls-
fier. Inthiscase PVA wasused to prevent aggregation
of theemulsion droplets and polymer sticking during
stirring. 2.5% of PVA were ableto stabilize particles
asoduringtheir storage. Thisisconfirmed by the poly-
dispersity index that was very |ow because aggregation
did not occur and particles maintained anarrow distri-
bution, asconfirmed also by SEM study. When work-
Ingwith microparticulate systems; itisoften helpful to
visualize particle shapesand surface characteristicsin
order to correlate with other propertiessuch assurface
area and size distribution. RIFA-loaded PCL
microspheres prepared using the sol vent evaporation

Particle Size (nm £ SD)

2500 1
2000 -
1500 -
o Particle Size (nm = SD)

1000

500 o

MP1 MP4  MP5S

Figure5: PCL Micro Particlesizedistribution
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Figure 6 : Polydispersity Index of PCL Microparticles
formulation

method, were spherical in shapewith avery smooth
surface, asshowninFigures?.
Surfacecharge

Microparticleformulationswerecharacterized dso
interm of zetapotentia because, aswell known, it can
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Figure7: SEM Micrographsof PCL Microspheres

influence particlestability. In theory, more pronounced
zetapotentia values, being positive or negative, tendto
stabilizethe particle suspension. Theéelectrostatic re-
pulsion between particleswith the sameéd ectric charge
preventstheaggregation of the spheres. The PCL par-
ticles made by the sol vent evaporation method were

Zeta Potential (mV £ SD)

18 4
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Figure8: Zetapotential of PCL Microparticles

TABLE 1: Propertiesof PCL MicroParticle

. — Zeta
For rgé‘c'iae“on P(a: rﬂies?;e PI+SD  Potential
(mV + SD)
MP 1 1952434 0214+030 10.3L£06
MP 2 1873429 01924008 8.64=0.57
MP3 2155421 0.161+0.02 1?6‘;‘1*
MP 4 274449 0236+ 0.04 1‘(‘)'9811i
MP5 2385443 0.221+0.09 12‘%%*

== PFyll Poper

negatively charged ascanbeseeninTABLE 1andin
Figure8.

Entrapment efficiency (E%)

Encapsulation efficiency (EE %) isanimportant in-
dex to evauate drug-loaded microspheresasitismore
economica when high encapsulation efficiency canbe
obtained. An O/W emulsion techniqueismostly used
for theencapsulation of drugs. Figure 1 showsthe EE
% of the prepared microspheres. Ascan beseen, sig-
nificant differencewasfound between theformulations.

Release studies

Invitrodrug rel esse profilerevea sfundamentd in-
formation on the structure (e.g., porosity) and behavior
of aformulation onamolecular level, aswell aspos-
sibleinteractionsbetween drug and polymer, and their
influence on the rate and mechanism of drug release
and model release data. Release studieswerecarried
out by using phosphate buffer at pH 7.4 and acetic acid
buffer at pH 4.4, in order to evaluate the effect of pH
on RIFA release from PCL microspheres. Therelease
profileswerevery similar inthetwo different release
media. Normally, thereleasemedium pH isableto af-
fect the drug release pattern from the PCL-based
microparticles. Inthiscaseit wasfound the same be-
havior at pH 7.4 and at pH 4.4 during the 15 day’s
experiments. InFigure 9, RIFA release profilesfrom
PCL microspheresat pH 7.4 buffer solutionsare shown.
Themain reason that can explain thisbehavior corre-
latesto thetransition temperature (Tg) of the polymer.
Aninitia burst effect demondtrated, after thisinitial burst,
PCL microspheresreleased RIFA at alower rate For-
mulation MP4 was sdlected asthe optimized formula

2
270 -
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3 ——MP1
o 50
e —=—MP2
90 MP 3
£ 30 3 '
E_ 3 ——MP 4
3203
2 ——MP5

=
o

o

(0] 5 10 15 20

Time (Days)
Figure9: Cumulative % release of PCL Microspherein
Phosphate Buffer pH 7.4
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Size (d ren): % Intersity: Wicith (drem)
-Merage (nem): 22744 Pealc 1: 22903 100 2929
Pdt 0.236 Fealc 2- 0.000 0.0 0.000
Intercept: 0.986 Peak 3: 0.000 0.0 0.000
Result quakty Good
Size Distribution by Intensity
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Figure10: Particlesizedistribution
Results
Mean (mv): Area 09 Width (m\)
Zeta Potersial (m): -14.91 Pealc 1: -15.17 100 2145
Zeta Deviaion (m\): 0.194 Peale 2- 0.000 0.0 0.000
Condudindty (mS/am): 0961 Pealk 2 0.000 0.0 0000
Result quality Good
Zeta Potential Distribution
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Figurell: Zeta Potential Distribution
TABLE 2: Dissolution Profile
Formula ZeroOrder First Order Hixon Crowell Higuchi Plot Korsmeyer Pappas
MP 1 0.991 0.994 0.997 0.998 0.993
MP 2 0.98 0.996 0.992 0.997 0.984
MP 3 0.939 0.982 0.97 0.998 0.995
MP 4 0.942 0.982 0.972 0.989 0.985
MP5 0.912 0.951 0.94 0.98 0.975
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tionwhichhavingasizeof 2274 mm Figure10and zeta
potentia of 14.91 mg Figure 11 and having aprolonged
and sustained release period of 15 daysfollowing the
Huguchi equationi.e. Initia burst and then sustained
release.

CONCLUSIONS

Theresultsobtained during thisstudy have shown
that solvent evaporation process to prepare PCL
microsphereseasy and reproduci ble manner which can
lead RIFA with very good yields. These summarizing
theresults of thisstudy, wemay concludethat the PCL
polymer canbeused, for theformation of microparticles
that could release RIFA in asustained manner for pro-
long period which may ater the patient non compliance
inthetreatment of tuberculosis.
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