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ABSTRACT

Theaimof this study wasto formulate glipizideloaded PLGA nanoparticles
as asustained release carrier with enhanced efficacy. PL GA nanoparticles
(PLGA NPs) were prepared by oil-in-water (o/w) emulsion solvent extrac-
tion/evaporation technique with dight modification. The prepared Glipizide
NPs demonstrate high drug loading and encapsulation efficiencies. Scan-
ning electron microscope photograph showing spherical and porous mor-
phology of the developed NPs. In-vitro drug release study revealed sus-
tained release of glipizide from the delivery system following the Higuchi
(R?2=0.9732) and Ritzer Peppas (R?=0.9825) model explaining diffusionas
well aserosion controlled release. The developed glipizide NPsare suitable
for reduction in dosing frequency, decrease in side effects, and improved
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patient compliance.

INTRODUCTION

Glipizide, 1-cyclohexyl-3-[[4-[2-[[(5-methyl
pyrazin-2-yl)carbonyl]amino]ethyl]-phenyl] sulphonyl]
urea(figure 1) isapotential second generation ora hy-
poglycemic agent widely used for the treatment of
noninsulin-dependent digbetesmd litus(NIDDM). Prior
research work revealed that it hasagood generd tol-
erability, low incidence of hypoglycemiaand low rate
of secondary fallure. Inadditionit haspotentia for dow-
ing the progression of diabetic retinopathy. For these
reasons, glipizideappearsto beadrug of choiceinlong
term sulfonylureatherapy for the control of NIDDM.

Ingenerd, rapid gastrointestina (Gl) absorptionis
required for oral hypoglycemic drugs, inorder to pre-
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vent asuddenincreasein blood glucoselevd after food
intakein patientswith diabetes mellitus. However the
Gl absorptionrate of glipizide, in conventional dosage
form (i.e. tablets), appearsto berather slow. Severd
studiesusing hedthy volunteersor patientsreved ed that
thetimeto reach peak serum glipizide concentration
ranged from 1/2-1hfollowing oral administration of the
glipizidetablet. A dow absorption of drug usudly origi-
natesfrom either poor permeability of the drug across
the GI membrane. Thedoseof glipizideis5Smgtid, and
hencethereisaways aneed for the devel opment of
sustained release patient complaint formulation of
glipizide, asitisshort acting sulfonylured?.
Nanoparticlesare oneof the multiparticulate ddliv-
ery systemsand are prepared to obtain prolonged or
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controlled drug delivery and toimprovebioavail ability
or stability. Nanoparticlescan dso offer advantageslike
limiting fluctuationswithin therapeutic range, reducing
Sdeeffects, decreased dosing frequency, and improved
patient compliance.

Poly (lactic-co-glycalic) acid (PLGA) isabiode-
gradable polymer and used for preparation of controlled
and sustained rel ease dosage forms. Rel ease kinetics
from PLGA and other biodegradable polymersare con-
trolled by diffusion, erosion or acombination thereof,
and are dependent on the polymer (Mw, copolymer
ratio and crystallinity), drug properties, aswell asthe
devicecharacteristics (preparation conditions, particle
size, morphol ogy, porosity and drug loading) and the
dissolution conditiond?.

Theam of thisstudy wastoformulate an optimized
nanoparticulate delivery system containing glipizideto
achieveasustained rel ease profile suitablefor per ora
administration with enhanced efficacy and which could
overcomethedrawbacksof glipizideddivery through
conventiona dosageforms.

MATERIALSAND METHODS

Materials

Poly (lactic-co-glycalic) acid (PLGA 50:50) (Mw
=18000) was gifted by SPARK Laboratory. Tween-
80®, methylene chloride and methanol were purchased
from sigma-adrich and Poly-vinyl acohol (PVA) from
SD Fine Chemicas. All other chemica sand solvents
wereof analyticd grade. Tripledistilled water filtered
with 0.22 membrane hasbeen usedin the experimentd
work.

Methods
Prepar ation of nanoparticles

Anail-in-water(o/w) emulsion sol vent extraction/
evgporation techniquewith dight modificationwasusad
for theformulation of glipizide nanoparticles. 200mg
PLGA and 50mg of Glipizideweredissolvedin 25ml
methylenechlorideusingavortex mixer for 30min. This
organic phase was added dowly to asmall anount of
0.5% (w/v) agueous surfactant solution (50ml) and
homogenized at 20,000 rpm for 30min. Further this
emulsion was added to 250ml of a0.5% (w/v) ague-
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Figurel: Sructureof Glipizide

oussurfactant solution and stirred (3000 rpm onamag-
neticgtirrer) for 6h at 25°C. The resulting particles were
filtered (Membrane Filter, 0.22um), centrifuged and
pellets obtai ned were washed threetimeswith ditilled
water and freezedried.

Evaluation of nanoparticles
Particlesizedistribution

Average particle sizewas determined using Par-
ticle Size Analyzer (Malvern S4700 PCS System,
MavernInstrumentsLtd, Mavern, UK). Theandysis
was performed at ascattering angle of 90°C and at a
temperature of 25°C using samples appropriately di-
luted withfiltered water (0.2u filter). For each sample,
the mean diameter + standard deviations of six deter-
minationswere cal culated applying multimodal analy-
sis. Valuesreported arethe mean diameter + standard
deviation for two replicate samples.

Zetapotential

The zetapotentid of the particleswas determined
by Laser Doppler Anemometry (Malvern Zetasizer 1V,
Malvern InstrmentsLtd, Mavern, UK). All analyses
were performed on samplesappropriately diluted with
1mM HEPESbuffer (adjusted to pH 7.4with 1M HCI)
inorder to maintain aconstant ionic strength. For each
samplethe mean value + standard deviation of four
determinationswere established. Valuesreported are
themean value=+ standard deviation for two replicate
samples.

Particlemor phology

Morphologica eva uation of the nanoparticleswas
performed using scanning electron microscope
(S-3000N, magnification=5000).

Encapsulation efficiency and drugloading
Theamount of glipizideentrapped within NPwas
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determined by measuring theamount of nonentrapped
druginthe supernatant recovered after centrifugation

and washing of the NP by aUV method®.
% encapsulation efficiency=M ass of drug added during NP
prepar ation-M ass of freedrugin super natant/M assof drug

added during NP preparationx100

For estimation of drug loading, 10mg of thefreeze
dried nanoparticlesweredissolvedin 10 ml of metha
nol and after suitabledilution andyzed by the UV spec-
trophotometer (Shimadzu, Pharmaspec-1700) for
glipizide contents. (Prior studiesreved sthat no absor-
banceinterferencefrom PLGA polymer under thesame
conditions). Encapsulation efficiency was determined
asreported. All the measurementswere conducted in
tri plicate and the mean val ues and standard deviations
arereported.
% Drug Loading=Massof drug in nanoparticles/M ass of
nanoparticlesrecover edx100

In vitro drug release studies

Theinvitro drug release studieswere performed
with some modification®>9. Briefly, glipizide-loaded
PLGA NPs(equivalent to 10mg of glipizide) weresus-
pended in 100mL of pH 7.4 phosphate buffer (USP-
X1V) ina250mL glass bottle. The glass bottle was
placed inastirring bath (50rpm), with temperature ad-
justedto 37°C. At selected time intervals, 5.0mL of the
samplewas withdrawn and subjected for centrifuga-
tion; pelletswere resuspended in 5ml of fresh phos-
phate buffer and added to glass bottleto maintain the
sink condition. The samplewasthenfiltered through
0.22pu membrane and andyzed by UV-spectrophotom-
etry at Amax of 271.5nm.

RESULTSAND DISCUSSION

Particlesizedistribution and zeta potential

In this study the selected drug polymer ratio was
1:4, homogenization speed 20000 rpm, surfactant 0.5%
tween 80, and the stirring speed 3000 rpm. Theaver-
age particlesize of PLGA nanoparticlesloaded with
glipizidewasobtained 505+ 12.13nm. Nanosizing can
improvethebioavailability of class|l drugshavinghigh
permegbility but low agueoussolubility either by incress-
ing therateof dissolution or through bypassingthe pre-
requisite of dissol ution before adrug can be absorbed.
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Figure?2: Particlesizedistribution of prepared Glipizide
loaded PL GA nanopartiles
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Figure3: Zetapotential measur ement of prepared Glipizide
loaded PL GA nanopartiles

Sinceglipizide belongsto typell drug category (low
soluble high permeable) the prepared delivery system
will exert high bioavail ability through bypassing thedis-
solution and increasein absorption of nanoparticles.

The zetapotential isanindex of stability of nano
particles. Thehigher themagnitude, irrespectiveof the
chargetype, the higher the stability isexpected. Tween
80(pH 6.1) resulted in anegeative zetapotentia vaue of
-18 .2mV, suggesting the stability of prepared
nanoparticles.
Surfacemor phology

Figure4 showsthe SEM image of theparticlesasa
function of polymer concentration. The particleswere
spherical and most likely porousbumpy. The particles
from PLGA with the diameter lessthan 750nm were
solid spheres, whereasthe particleslarger than that were
collapsed.
Encapsulation efficiency and drugloading

Theimportance of enhanced drug incorporation
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Figure 4: SEM image of Glipizide loaded PL GA nano
particles

Cum ulative percant drug rele ase from glipizide
loaded PLGA Nanoparticle s
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Figure5: Cumulative percent drug release of glipizide
loaded nanoparticlesin pH 7.4 buffer

efficiency in nanoparticleshasbeen emphasized ealier,
sinceahigh nanoparticlesrecovery isrequired for re-
ducing manufacturing costsand sinceitssizeand mor-
phology are important for quality control and
biodistribution. The sdlection of optimal formulationin
our study was, therefore, based onthat which provided
acombination of good morphology (intermsof particle
size and surface properties) drug loading, and encap-
sulationefficiency.

Invitrodrug release study

In-vitro drug release study of glipizideloaded of
PLGA NPsin phosphate buffer (pH 7.4) showed a
sustained release profile (R?=0.9822). Drug releasein
“real-time” (37°C) typically shows a triphasic profile:
(1) aninitial burst release (7.78% in 1 Hr) of surface
and pore associated drug, (2) alag phase until suffi-
cient polymer erosion hastaken place (44.3%in 72hr)
and (3) asecondary burst with approximately zero or-
der rel easekinetics (64.29%in 96hr and findly 88.03%
in144hr). Theinitial burst releaseiscontrolled by diffu-
sion, whereasthelag phase and secondary burst phase
are dependent on polymer erosion aswell asdiffusion.
Thisisprobably because of theinherent encapsulation
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efficiency of glipizidewith thetween 80.
Thereleasedatawaswell fitted to higuchi model
reveaing adiffusion controlled releasefor the PLGA
NPs prepared by using tween 80 (R?=0.9732). The
release datawas also fitted to Ritger Pappas model
revedling that releaseisgoverned by diffusion and ero-
sion of polymer matrix for theformulation of PLGA
NPs prepared by using Tween 80 (R? = 0.9825).

CONCLUSION

Glipizide-loaded PLGA NPswere prepared by oil-
in-water (o/w) emulsion solvent extracti on/evaporation.
In vitro release study revealed sustained release of
glipizidefrom PLGA NPs. Sustained activity with de-
creased dose and enhanced bioavailability could re-
duce dose frequency, decrease side effects, and im-
prove patient compliance.
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