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ABSTRACT

Purpose of writing this review on microspheres vasompile the recent literature with special foomsthe various variables
which affect the drug release pattern of microsphiefhere are various approaches in deliveringm@pleutic substance to the
target site in a controlled release fashion. Oneh sapproach is using microspheres as a carriedriegs. For success of
microspheres as drug delivery system, it's necgdbaly release the drug in controlled release mafoméonger duration. This
can be made possible by optimizing the formulatisnwell as process variables. Therefore beforgydiegj the microspheres
formulation, it's necessary to understand the éfféosarious variables on the drug release patbérthese microspheres. The
intent of the paper is providing the deep undedstan of various variables those are useful during tevelopment of
microspheres system. This paper also summarizestiigus relevant aspects of microspheres
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INTRODUCTION:

There are a number carriers — Microspheres concentration of polymel ¢ drug to polymer ratio,
nanoparticles, liposomes and others for which ogtch  solubility of drug, dispersed phase to continuolmse
technologies are under development to a) enhanee ttratio etc. These variables also affect the loadifigiency
performance of products that have already beewateli  of the microspheres. Drug released from a micraspban
with some success via that route and b) moduldtes t occurs in different way i.e. erosion, diffusion, edling.
release and absorption characteristics of the drugSince the rate of drug release is controlled byvidgous

particularly those drugs which have shorter biataghalf
life. Dosage forms that can precisely control te&ase
rates and target drugs to a specific body site ltasated
enormous impact on the formulation and developnadént

factors, it is important to understand the physiaatd
chemical properties of the releasing medium. Tiresent
review explains the effects of various variables tha
characteristics of the release process. Additigrihls also

novel drug delivery systems Controlled drug delivery
occurs when a polymer, whether natural or synthésic characterization of microspheres.
judiciously combined with a drug or other activeeafyin :
such a way that the active agent is released frioen t 1. PREPARATION OF MICROSPHERES:
material in a predesigned mannet

summarized the method of preparation and

The most commonly investigated techniques to
prepare  microspheres are emulsion solvent

Microspheres constitute an . ) . .
evaporation techniques, Spray drying, emulsionsros

important part of these
particulate DDS by virtue of their small size arfticeent

carrier characteristics.  Microspheres have many :;:]ilc(:lrggenczeglljcl):tior?owgr(])tlvei\t/ap?:r?]tg)vnél Hat drr:)]egl
applications in medicine, with the main uses bduorgthe : P ' » Hydrog
microspheres and Phase inversion

encapsulation of drugs and proteins. Micropartieula
systems can be made by various techniques involving
physicochemical processes (solvent evaporation gdeth A,
phase separation method) and mechanical processes (
spray drying) 5.

Microencapsulation.
Emulsion cross-linking method™:

The drug was dissolved in an aqueous gelatin swoiuti
(10% wi/v), which was preheated at 40° for 1 h. The
solution was added drop wise to liquid paraffin lehi
stirring the mixture at 1500 rpm at 35° for 10 nnisr
gives water in oil (W/O) emulsion. Stirring was
continued for further 10 m at 15° and the
microspheres were washed three times with acetone
and isopropyl alcohol, respectively. The washed
microspheres were air dried and then dispersedhih 5
of aqueous glutaraldehyde-saturated toluene salutio
(25% v/v) at room temperature for 3 h to allow sros
linking. The microspheres were washed with toluene

Of course, microspheres technology faces significan
challenges. They include: accurately targeting adbeect
sites; increasing loading efficiency; the incorpima of
optimum drug release kinetics and avoiding dosepinga

The formulation variables have a variety of effeztsthe
physicochemical properties of the microspheres. Bibe
distribution of the drug from microspheres is highl
dependent on the size and % drug entrapment of the
microspheres. Release kinetics of the microspheagipm

is depend on the various factors i.e. type of pelymsed,
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and treated with 100 ml of 10 mM glycine solution
containing 0.1% w/v Tween 80 at 37° for 10 m to
block unreacted glutaraldehyde. The resultant
microspheres were finally freeze-dried.

. Solvent Evaporation*

It is the most extensively used method of
microencapsulation, first described by Ogaatal. A
buffered or plain aqueous solution of the drug (may
contain a viscosity building or stabilizing ageris)
added to an organic phase consisting of the polymer
solution in solvents like dichloromethane (or ethyl
acetate or chloroform) with vigorous stirring tarfo

the primary water in oil emulsion. This emulsion is
then added to a large volume of water containing an
emulsifier like PVA or PVP to form the multiple =
emulsions (w/o/w). The double emulsion, so formed, °
is then subjected to stirring until most of the anig
solvent evaporates, leaving solid microspheres. The
microspheres can then be washed, centrifuged and
lyophilize to obtain the free flowing and dried
microspheres.

. Hot Melt Microencapsulation™:

This method was first used by Mathiowitz and Langer
to prepare microspheres of polyanhydride copolymer
of poly [bis(-carboxy phenoxy) propane anhydride]
with sebacic acid. In this method, the polymeriiist f
melted and then mixed with solid particles of thegd
that have been sieved to less than 50m m. The reixtu
is suspended in a non-miscible solvent (like sileo
oil), continuously stirred, and heated to 5° abtvwe
melting point of the polymer. Once the emulsion is G.
stabilized, it is cooled until the polymer partile
solidify. The resulting microspheres are washed by
decantation with petroleum ether. The primary
objective for developing this method is to devekop
microencapsulation process suitable for the water
labile polymers,e.g. polyanhydrides. Microspheres
with diameter of 1-1000m m can be obtained and the
size distribution can be easily controlled by attgr
the stirring rate. The only disadvantage of thishod

is moderate temperature to which the drug is exghose

. Solvent Removal'*: 5

It is a non-aqueous method of microencapsulation,A
particularly suitable for water labile polymers buas '
the polyanhydrides. In this method, drug is dispérs
or dissolved in a solution of the selected polyinea
volatile organic solvent like methylene chloridehi§
mixture is then suspended in silicone oil containin
span 85 and methylene chloride. After pouring the
polymer solution into silicone oil, petroleum ethsr
added and stirred until solvent is extracted ihi ail
solution. The resulting microspheres can then eddr
in vacuum.

. Hydrogel Microspheres'™:

Microspheres made of gel-type polymers, such as
alginate, are produced by dissolving the polymearin
agueous solution, suspending the active ingredient
the mixture and extruding through a precision deyvic
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producing micro droplets which fall into a hardemnin
bath that is slowly stirred. The hardening bathallgu
contains calcium chloride solution, whereby the
divalent calcium ions crosslink the polymer forming
gelled microspheres. The method involves an “all-
aqueous” system and avoids residual solvents in
microspheres. Lim and Moss developed this method
for encapsulation of live cells, as it does notoirre
harsh conditions, which could kill the cells. The
surface of these microspheres can be further neatifi
by coating them with polycationic polymers, like
polylysine after fabrication. The particle size of
microspheres can be controlled by using various siz
extruders or by varying the polymer solution flow
rates.

Spray Drying'®:

In this process, the drug may be dissolved or désuk

in the polymer solution and spray dried. The quadit
spray-dried microspheres can be improved by the
addition of plasticizersg.qg.citric acid, which promote
polymer coalescence on the drug particles and hence
promote the formation of spherical and smooth
surfaced microspheres.

The size of microspheres can be controlled by e r
of spraying, the feed rate of polymer drug solution
nozzle size, and the drying temperature. This ntetho
of microencapsulation is particularly less dependen
on the solubility characteristics of the drug and
polymer and is simple, reproducible, and easy &besc
up.

Phase Inversion Microencapsulation®:

The process involves addition of drug to a dilute
solution of the polymer (usually 1-5%, w/v in
methylene chloride). The mixture is poured into an
unstirred bath of strong non-solvent (petroleunegth

in a solvent to non-solvent ratio of 1: 100, rasgltin

the spontaneous production of microspheres in the
size range of 0.5-5.0m m can then be filtered, edsh
with petroleum ether and dried with air. This simpl
and fast process of microencapsulation involves
relatively little loss of polymer and drug.

CHARACTERIZATION OF MICROSPHERES:

Particle size, shape and surface morphology
analysis **%;

All the microspheres were evaluated with respect to
their size and shape using optical microscopedfitte
with an ocular micrometer and a stage micrometer.
The particle diameters of more than 100 microsghere
were measured randomly by optical microscope. The
average particle size was determined by using the
Edmondson's equation D meanerdfkn, where n=
number of microspheres observed and d= mean size
range. The shape and surface morphology of the
microspheres was studied by using a scanning etectr
microscope.

Entrapment efficiency™? :

CODEN (USA): JDDTAO
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To determine the incorporation efficiency, 25 mg of E.
propranolol loaded microspheres were washed with 10
ml of suitable solvent to remove the surface asgedi
drug. The microspheres were then digested in 16fml
suitable solvent for 12 h at room temperature (29+2

to release the entrapped drug. Drug content was
determined spectrophotometrically.

Swelling index %2%;

Swelling index was determined by measuring the
extent of swelling of microspheres in a particular
solvent. To ensure the complete equilibrium, eyactl
weighed 100 mg of microspheres were allowed toF.
swell in solvent for 34 h. The excess surface asther
liquid drops were removed by blotting and the sawll
microspheres were weighed by using microbalance.
The Hydrogel microspheres then dried in an oven at
60° for 5 h until there was no change in the driebs

of sample. The swelling index of the microsphere wa
calculated by using the formula swelling index= ¢sa

of swollen microspheres-mass of dry
microspheres/mass of dried microspheres) x100. 3.
In vitro bioadhesion®:

Bio-adhesive properties of microspheres were

evaluated using everted sac technique.

Cross Linker Conc

Journal of Drug Delivery & Therapeutics; 2012, 2(4), 15-22 17

In vitro drug release ™ :

To carry out thein vitro drug release, accurately
weighed drug-loaded microspheres were dispersed in
dissolution medium in a beaker and maintained at
37+2° under continuous stirring at 50 rpm. At stddc
time intervals 5 ml samples were withdrawn throagh
hypodermic syringe fitted with a 0.4 mm Millipore
filter and replaced with the same volume of pre-
warmed fresh dissolution medium to maintain a
constant volume of the receptor compartment. The
samples were analyzed spectrophotometrically.

Stability studies of microspheres™ #":

All the batches of microspheres were tested for
stability. The preparations were divided into 3satd
were stored at 4° (refrigerator), room temperatnd

40° (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.

VARIABLES INFLUENCING DRUG
pattern OF MICROSPHERES:

There are following factors which directly/indirct
affect the drug release characteristics of

release

the

microspheres;

Drug/Polymer Ratio(+)

Emulsifier Conc(+)

Temperature

:! Polymer Conc

Stirring speed

Figure 1: Variables affecting drug release fromrospheresi— Increase release raer>Decrease release rate)

Concentration of the polymer in disper sed phase:

Results from different study shows that the paeticl
size, swelling, loading efficiency and rate of drug
release from the microspheres depended on the
polymer concentration and the type of polymer used.

Polymer concentration in aqueous phase indirectly
affects the mucoadhesion time and drug release. As
the polymer concentration in agueous phase incsgase
size of microspheres is increased which results
increase of mucoadhesion time and slower drug
release from microspherés.

Agrawal et al studied the effects of variables sash
polymer concentration on the particle size, drug
release and loading efficiency of microspheres at
increasing Polymer concentrationse( at drug—
Polymer ratios from 1:2 to 1:6) increased from B35.
to 163.4 mm. This increase in particle size of the
microspheres can be attributed to an increase in
viscosity with increasing polymer concentrations,

ISSN: 2250-1177

which resulted in larger emulsion droplets andlfina

in greater microsphere Size. The release of
albendazole from microspheres decreased as the
Polymer concentration increased, suggesting thag dr
release could be controlled by varying the Polymer
concentration. The results might also be explaimgd

the fact that the higher Polymer content resulted i
larger particles with proportionately less drug,tisat

the drug—polymer ratio was changed and thus release
was reduced?

The decrease in release rate with increasing cbafen
the polymer can be explained by a decreased amount
of drug present close to the surface and also by th
fact that the amount of uncoated drug decreasds wit
increase in polymer concentratith When Eudragit®

RL was used in combination with Eudragit RS, the
drug released at a faster rate compared to Eu@ragit
RS alone. This is due to the fact that the amodint o
guaternary ammonium groups of Eudragit® RS is

CODEN (USA): JDDTAO
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lower than that of Eudragit RL, which renders
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Egit® RS is less Permeabike
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Figure 2:Shows effect of polymer concentration on Drug Releaseicrosphered

Results from study by Lakshmana Prabu S et al
revealed that the drug content of microspheresneas
affected by the volume of dichloromethane, but the
particle sizes were found to change significantliis
may also be due to the increase in the volume of
dichloromethane leads to decrease in viscosityhef t

100

Cumulative release percent (%
pe

internal phase could be an effective factor indtaplet
size of the emulsion in the aqueous medium. In this
case, it seems that the shear effect of the pepsll
able to break the large droplets into smaller ongéch

are solidified into microspheres on solvent evationa
32

—C&— PLGAS050 (TWV=0_28dl/g)
—&— PLGAS050 (IN=0.67dl/g)

®— PLGAS050 (IV=0.87dl/g)
—&— PLGAT7525 (IV=0.67dl'g)

10 15

Time (d)

20 25 30

Figure 3: Effect of PLGA type on in vitro drug rate*

Mazumder et al compare the dissolution profiles
studies and found that drug release from cellulose
acetate microspheres is faster than ethyl-cellulose
microspheres. This could be due to high affinity to
water for cellulose acetate than ethyl-celluld3e.

Dhakar et al studied that SCMC microspheres showed
the faster drug release than drug release from HPMC
microspheres due to rapid swelling property andh hig
dissolution of SCMC in dissolution environment (0.1
N HCI) as compared to HPMC. Dissolution medium
permeation in to the microspheres is facilitated thu
high swelling action of the SCMC which leads to
more medium for the transport of the drug is
available!

Yaju Ji et al investigate that typical drug release
profiles of MEP421 PLGA microspheres exhibited

ISSN: 2250-1177

significant “burst” release followed by slow drug
release for over one month (Figure 3). Althougle th
microspheres with the high viscosity PLGA (IV =
0.87 dl/g) showed the lowest “burst” release (noten
than 10% in the first 24 h), the drug release veds
also slow.

Even after 30 d ah vitro release, the cumulative drug
release was less than 50% of the total drug loaded.
Hence, polymer blends of PLGAs with various
monomer ratios and viscosity were used as matrix
materials for microspheres in further investigasiom
order to reduce the “burst release”. By using bieoid
different viscosity PLGAs as matrix material foreth
microspheres, the burst release in the first 24uidc

be limited to less than 20% of the total drug lahde
but the disadvantage was that the drug releasevese
inevitably decreased at the same time (Figur&' 4).

CODEN (USA): JDDTAO
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Figure 4: In vitro drug release of microsphereppred using PLGA mixtur&

Results from in vitro release tests show that dodte
release rate from microspheres seems to be affected
mainly by copolymer MW. A significantly slower drug c
release rate is shown from microspheres of low MW
copolymers compared to microspheres of high MW
copolymers respectively,

Drug: Polymer Ratio (DPR):

Effect of DPR on drug release from microspheres by
Soni et al is shown that rate and extent of release i

decrease with relative increase in the polymer
concentration and this can be attributed to theeeme

in the density of the polymer matrix with increased

polymer concentratiori®

Drug release from microspheres is notably affetted
the ratio of the drug to the polymer as increasmthe

first causes faster drug release. By increasing the
amount of drug loading, a point will be reached whe
the solid drug particles upon dissolution will bedgo
form continuous pores or channels within the matrix
Under these circumstances, the path of releaserfmy
molecules will be diffusion within the channels rfeed
from areas where drug has previously leached out fr
the matrix®"*. In other words, as the amount of drug
content is increased the matrix will become more
porous as drug is leached out from the polymer and
thus faster drug release rate occlirs

At lower drug-polymer ratios, the mean particleesif

the micropellets was less than that at higher drug-
polymer ratios. Therefore, the drug release from
micropellets prepared at lower drug- polymer ratios
was faster than that of micropellets prepared gléi
drug-polymer ratios because of the small size ef th
micropellets, which provided a large surface ama f
faster drug releasé E.

Dissolution profiles from study by Mazumder et al
indicate that when drug to polymer ratio decreased
from 1:1 to 1.3 a decreased in release rate was
observed. It is considered that higher the drug to
polymer ratio in the microspheres, result in inseghin
coat thickness surrounding the drug particles there

ISSN: 2250-1177

increasing the distance traveled by the drug thnoug
coat™™,

Effect of Temperature:

Microspheres prepared at 60°C showed faster drug
release than the microspheres prepared at 10°G. Thi
can be attributed to the decrease in viscosithefdily
phase as the temperature increases, which in turn
decrease the microspheré&s.

Selection of solvent system for the disper sed phase

Selection of solvent system based on the volatdity
solvent, solubility of polymer and type of methofl o
preparation used for preparation of microspheres.
Solvent should have high volatility and high polyme
solubility.

Park et al. were prepared lysozyme-loaded PLGA
microparticles using the oil in water (o/w) single
emulsion technique. Here, the authors used a a@3DI
system, varying the ratio of the component solvents
DMSO was used for solubilization of lysozyme and
PLGA, and methylene chloride was used for genaratio
of emulsion drops as well as solubilization of PLGA
Encapsulation efficiency increased, and initial gbur
decreased as the volume fraction of DMSO in the co-
solvent system increased. Particle size increased,
density of the microparticle matrix decreased with
increasing DMSO. Overall, these results indicaia th
the presence of DMSO increased the hydrophilicfty o
the solvent system and allowed fast extractionhef t
solvent into the continuous phase, which led tchéig
encapsulation efficiency and larger particle sfZe
Larger particle size indirectly slower the drugesee
from micoepheres.

Ratio of dispersed phase to continuous phase (D/C
ratio):

No significant difference in particle size was atveel

(P > 0.05). All microspheres have a spherical shape
without pores on the surface, with size approxityate
20 um. However, the drug loading and encapsulation
efficiency increased remarkably with decreasing D/C

CODEN (USA): JDDTAO
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ratio (P < 0.05)*. Similar phenomena were reported Mahboubian et al has prepared PLGA microspheres of

for the encapsulation of progesterciie Additionally, triptoline. Results from study showed that higher
the surface of microspheres was smoother at lo€r D amount of Span 20 (10%) led to a faster drug releas
ratios, probably due to the faster solidificatiater It rate by increasing the hydrophilic channels indide

has been reported that the porosity in a system of hydrophobic PLGA matrif.
microspheres is determined during microsphergs
hardening as the organic solvent evaporates during
preparation®®. Continuous phase containing a large Experimental cross-linking conditions (time and
amount of water resulted in faster polymer preatpn amount of the cross-linking agent) varyingly aféstt
and therefore less porous spheres were fofthed the Appearance of the microspheres surface, theéinm
particle size, drug loading and drug release of
microspheres. The swelling ratio of microspheres
increased dramatically when a smaller amount a§ro
linking agent was used.

Effect concentration of crosslinking agent:

As volume of continuous phase is increased, the @iz
microspheres decreased which results in decrease in
loading efficiency, less mucoadhesion time andefast
drug release®

As shown in Figure 5, by increasing the concertrati

of glutaraldehyde-saturated toluene from 12 to 35%
5 (V/V), the amount of drug release decreased fronn30
10% in the first 30 minutes of the drug release
experiment. The same pattern was observed when the
duration of cross-linking was alterdds., the longer the

Study from Mazumder shows that when the volume of
external phase was increased from 50 ml to 10Gaml,
increased in release rate significantly (p < 0.0
Student’s t-test). This is due to higher migratidralrug
due to free movement of emulsion droplets, when the
volume of external processing medium was increased.

33 time of cross-linking the lower was the ratio of
swelling. Results also shown that by decreasing the
F. Effect of concentration of emulsifier: cross-linking time from 12 to 1 hour, the amount of

drug release in the first 30 minutes was incredseti2
to 42% . For batches cross-linked with 35%/Y)
glutaraldehyde-saturated toluene and 4 hours afsero
linking time period tsg andtgs of drug release were 40
and 480 minutes, respectively. This type of release
profile is of interest because the initial burdease can
provide the initial penetration of lactic acid, atite
sustained release phase supplies the skin witldriing
over a prolonged period of tim®&. The initial burst
drug release may be attributed to the release of drug
molecules held loosely into or just beneath thdaser
of microspheres. Such a burst effect was reported
previously for gelatimicrospheres"™.

b)

Agrawal et al studied the effects of concentratiofs
emulsifier on the chracteristics of microspherebe T
mean diameter of the microspheres at increasing
concentrations of emulsifier.¢., 0.50, 0.75, 1.00, and
1.25%) decreased as 152.6, 147.1, 142.4, and 132.7
mm, respectively. The more emulsifier added, thss le
irregular were the microspheres, and the size ef th
microspheres was reduced. This appears to have
resulted from a tightening of polymeric network,
leading to microsphere shrinkage as the conceotrati
of emulsifier is increased. Decrease in particlee si
results in faster drug releaSe
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1004 R 1004 “I__H!E___,.--
ST e P il
= 804 ,E;- % _ 80 /E/{"—" = sl
Se0l 78 0 = F e A —
o | FE ki 60 .-—-E o
3 [ g @ [ — ——1h
2 40 ;‘I’" ——12% VIV o J“FE_ ¥ &
cn I @
= oIk —821% VIV o 401 £
1 s |/ —a—12h
s —&—35% VIV a
f 20
0 T T T T T T T ()
o 2 4 68 8 10 12 4
Time {h) ' T T T T T :
0 2 4 6 8 10 12

Time (h)
Figure 5: Effect of Concentration of Crosslink agend cross linking time on drug release prdfile

Tayade et al prepared the micropellets containthgEffect of stirring speed:
ibuprofen by cross-linking technique using gelatin
polymer. The micropellets treated with formalin wep
for a longer period of time showed slower drug aséeas
compared to micropellets treated for a shorterogedf
time. This result may be attributed to the highegrée of
cross-linking of gelatin, when exposed to formalapors
for a longer period of time, which retarded a drefgase
from the pellet?.

© 2011, JDDT. All Rights Reserved ISSN: 2250-1177 CODEN (USA): JDDTAO

The drug release rate was increasing on increasiag
stirring rate. Drug release was higher in the cabe
microspheres prepared at a higher stirring rateablaw
stirring rate the release rate was slow. This can b
attributing that smaller size microspheres havergerr
surface area exposed to dissolution medium, gitgeto
faster drug releasé
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Mazumder et al investigated that drug release wasCONCLUSION:

increased significantly (p < 0.05 Student’s t-tesf}jh
increasing in stirring speed. When the stirring espe
decreased from 1200 rpm to 600 rpm an initial burst
release of around 38.45 % to 50.25 % occurred mihi
hours®. This can be attributed to the fact that the drug
migration will be high for low stirrer speed and m@o
amount of drug will remain in the microspheres aoef
but when stirring speed was increased drug migratiii

be less due to collision of emulsion dropféts

Dhakar et al studied the effect of stirring on the
characteristics of metformin HCI microspheres. Rssu
indicate that drug release rate is increased asase in
stirring speed. This is attributing the fact thatrease in
stirring speed leads to decrease in particle sibechw
provide larger surface area for the dissolution

106
a0
20
70
G0
so
40

30

Cumulative % Drug Release

20 —+—F7 {At 500 rpm}

10 —=—FH (At 1000 rpm}

6 a
Trma{Hour)

10 12

Figure 6: Effect of stirring speed on drug releake
microspheres

REFERENCES:

and evaluation of SRM microspheres of metformin rbgtloride,
Pharmacie Globale (IJCP), 2010, 1(6), 1-5.

optimization of mucoadhesive microspheres of mememide,
Indian J. Pharm. Sci., 2004, 66(3), 300-305.

Chowdary KPR, Srinivasa YR, Mucoadhesive microckgssiof
glipizide: in-vitro and invivo evaluation, Ind. harm. Sci. 2003,
65(3), 279-284.

Chowdary KPR, Srinivasa L, Mucoadhesive drug dejiv&/stems:
A review of current status. Indian Drugs, 2000,937400-406.
Benita S. Microencapsulation: Methods and Indulsajgplications.
New York, NY: Marcel Dekkar; 1996.

from low molecular weight and hydrophilic poly (Dlactide-co-
glycolide). J. Controlled Release, 1996; 41: 2489¢.2

Rafati H, Coombes AGA, Adler J, Holland J, Davis. $3otein-
loaded PLGA microparticles for oral administraticiermulation,
structural and release characteristics. J. Coattdlelease, 1997; 43:
89-102.

Li X, Deng X, Yuan M, Xiong C, Huang Z, Zhang Y,iaJW,
Investigation on process parameters involved inpamation of

polylactide-poly(ethylene glycol) microspheres @ining Leptospira 17.

Interrogans antigens. Int. J. Pharm., 1999; 178:25b.
Schlicher EJAM, Postma NS, Zuidema K, Talsma H, rtitéa WE.
Preparation and characterization of poly (D, Litacb-glycolic

acid) microspheres containing desferrioxamine. JnPharm., 1997; 18.

153: 235-245.

Dhakar RC, Maurya SD, Aggarawal S, Kumar G, Tilak,\Design 10.

Patel JK, Bodar MS, Amin AF, Patel MM, Formulatioend 11.

12.

13.

Mehta RC, Thanoo BC, DeLuca PP, Peptide contaimiegospheres 14.

15.

16.

ISSN:

For many drugs, microsphere technology offers an
effective alternative to conventional oral and thasa
delivery. The well designed microspheres technelegio
away with various limitations i.e. poor surface
morphology, low loading efficiency and unexpectedgd
release kinetics and open a completely new optwn f
delivery of wide variety of therapeuticénterestingly,
literature survey revealed that the rates of Drelgase
significantly affect by polymer concentration, drig
polymer ratio, amount and type of cross linking rdge
concentration of emulsifier, swelling index of paigr
and many other variable$he purpose of this work was
to understanding effect of various process as \wsll
formulation variables on the encapsulation efficiemf
the microspheres. This review will focus on how the
formulation variables of microspheres formulatidfeet
the drug entrapment efficiency the microspheress Th
paper also explains that how drug entrapment effioy
depend upon particle size, Polymer concentratigpe bf
polymer, drug: polymer ratio, DP: CP ratio, drug:
polymer interaction, solubility of polymer as wel drug,
method of preparation etc. This will only possitiig
understanding the effect of various variables whitfact
the drug entrapment efficiency of these microsphere
Progress to date suggests that microspheres t@gjynol
can continue to expand and become an increasingly
important drug delivery system for wide variety of
therapeutics.

ACKNOWLEDGEMENT:

Author is highly thankful to Dept of pharmacy, IEC
Group of Institution Greater Noida (India) and JJT
University Jhunjhunu for providing him best faéég and
good atmosphere for furnishing this work.

DECLARATION OF INTEREST: There are no
declarations of interest.

Bodmeier R, McGinity JW, Solvent selection in theegaration of
PLA microspheres prepared by the solvent evaparatiethod. Int.
J. Pharm., 1988; 43: 179-186.

Sankar C, Mishra B. Development and in vitro evatueof gelatin
A microspheres of Ketorolac tromethamine for in&rsal
administration. Acta Pharm. 2003, 53:101-110.

Ogawa Y, Yamamoto M, Okada H, Yashiki T, Shimambtd new
technique to efficiently entrap leuprolide acetiati® microparticles
of polylactic acid or copoly(lactic/glycolic) acidChem. Pharm. Bull.
1998, 36: 1095-1103.

Mathiowitz E, Langer R. Polyanhydride microspheras drug
carriers. |. Hot-melt microencapsulation. J. ContRel, 1987. 5:13-
22.

Carino PG, Jacob JS, Chen CJ, Santos CA, Hertzogvathiowitz
E. “Bioadhesive Drug Delivery Systems—Fundamentadigvel
Approaches and Development,” ed. by Mathiowitz&hickering D.
E., Lehr C. M., Marcel Dekker, New York. 1999, pp45

Lim F, Moss RD. Microencapsulation of living cediad tissues.
Pharm. Sci. 1981, 70:351-354.

Bodmeier R, Chen H. Preparation of biodegradablly pectide
microparticles using a spray drying technigue.Rarf. Pharmacol.
1988, 40, 754-757.

Chickering D, Jacob J. Preparation of biodegradquly lactide
microparticles using a spray drying technique.ngph®res as oral
drug delivery systems Biotechnol. Bioeng. BiotedhBioeng. 1996,
52, 96-101.

Chen MJ, Wei W, Liu H, Bi D. Intranasal adminisioat of
melatonin starch microspheres. Int J Pharm. 2002:37-43.

2250-1177 CODEN (USA): JDDTAO

J.



Dhakar et al

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

© 2011, JDDT. All Rights Reserved

Martin A, Bustamante P, Chun AH. In: Physical phacyn Physical 37.
and chemical principles in the pharmaceutical sEen4 th ed. New
Delhi; Bl Waverly Pvt Ltd. 1996.

Chuang Y, Yen MK, Chiang CH. Formulation factorspreparing 38.
BTM-chitosan microspheres by spray drying methaed.J Pharm.
2000, 242:239-42.

Tabassi SA, Razavi N. Preparation and characterzatf albumin 39.
microspheres encapsulated with propranolol hydovald. DARU.
2003, 11:137-41.

Patel JK, Patel RP, Amin AF, Patel MM. Formulatamd evaluation 40.
of mucoadhesive glipizide microspheres. AAPS Ph&wan Tech.
2005, 6:E49-55.

Soppimath KS, Aminbhavi TM. Water transport and gdnelease
study from cross linked polyacrylamide grafted ggam hydrogel 41.
microspheres for the controlled release applicatiéar J Pharm
Biopharm. 2002, 53:87-9.

Fandueanu G, Constantin M, Dalpiaz A et al. Pramaraand 42.
characterization of starch/ cyclodextrin bioadhegivicrospheres as
platform for nasal administration of Gabexate Matyl(Foy®) in 43.
allergic rhinitis treatment. Biomaterial. 2004, 259-70.

Pisal S, Shelke Mahadik VK, Kadam S. Effect of omgel
components on in vitro nasal delivery of proprahdlgdrochloride.
AAPS Pharm Sci Tech. 2004, 5:63.

Rao YM, Devi KM, Rameshachary B. Stability studyRéfampicin
mucoadhesive nasal drops. Indian J Pharm Sci. B1994,3), 66-70.
Kulkarni GT, Gosthamarajan K, Suresh B. Stabiligsting of
pharmaceutical products: An overview. Indian J Fha&du. 2004,
38:194,202-20.

Dhakar RC, Maurya SD, VermA KK, Singh AK, Aggarw8,
Maurya G, Effect of formulation variables on chaesistics of
pioglitazone maleate microspheres, Int.J.Ph.S8); 2010.

Jain SK, Rai G, Saraf DK, Agrawal GP, the Preparatand
Evaluation of Albendazole Microspheres for Colorielivery,
Pharmaceutical Technology, December 2004, 66-70.

Alex R, Bodmeier R. Encapsulation of water-solubieigs by a
modified solvent evaporation method |. Effect ofogess and
formulation variables on drug entrapment. Journalf
Microencapsulation 2001; 7: 347-355.

Das SK, Das NG. Preparation and in vitro dissotupoofile of dual
polymer (Eudragit® RS 100 and RL 100) micropargobé diltiazem
hydrochloride. Journal of Microencapsulation, 1998; 445-452. 49.
Lakshmana PS, Shirwaikar AA, Shirwaikar A, Kumar A,
Formulation and evaluation of sustained releaseraspheres of
rosin containing Aceclofenac, Ars Pharm, 2009, 5®ho. 2; 51-62. 50.
Mazumder B, Dey S, Bhattacharya S, Sarkar S, M@hBntStudies

on formulation and characterization of cellulosedth microspheres

of chlorpheniramine, Arch Pharm Sci & Res Vol 1 N&6-74 July 51.
2009

Ji Y, Dong W, Wang X et al, Studies on MEP421 PLGA2.
microspheres: preparation and drug releadsjan Journal of
Pharmaceutical Sciences 2008, 3 (5): 211-216.

Perugini P, Genta I, Conti B, Modena T, Pavanettd ¢hg-term
Release of Clodronate from Biodegradable MicrosgheAAPS
PharmSciTech2001; 2(3): article 10.

Soni ML, Kumar M, Namdeo KP, Sodium alginate migtosres for
extending drug release: formulation and in vitroalestion,
International Journal of Drug Delivery 2 (2010) 68-

44,

45.

46.

47.

a8.

53.

54.

Journal of Drug Delivery & Therapeutics; 2012, 2(4), 15-22

ISSN: 2250-1177

22

Cardinal JR. Matrix systems. In: Langer RS, Wise, D&ditors).
Medical applications of controlled release systeméol. 1.
Philadelphia: CRC Press Inc., 1984; pp. 41-3.

Song SZ, Cardinal JR, Kim SW. Progestin permegbilitrough
polymer membrane, V: progestrone release from nittmblydrogel
devices. J Pharm Sci 1981; 70: 216-21.

Atyabi F, Mohammadi A, Dinarvand A, PreparationNimodipine
Loaded Microspheres: Evaluation of Parameters,idradournal of
Pharmaceutical Sciences Summer 2005: 1(3): 143-152.

Tayade PT, Kale RD, Encapsulation of Water-Ins@ubtug by a
Cross-linking Technique: Effect of Process and Rdation
Variables on Encapsulation Efficiency, ParticleeSiand In Vitro
Dissolution RateAAPS PharmScR004; 6 (1).

Jalsenjek I, Nicolaidou CF, Nixon JR. The in-vitdissolution of
phenobarbitone sodium from ethyl cellulose micr@sph. J Pharm
Pharmacol, 1976; 28, 912-914.

Mortada SM. Preparation of ethyl cellulose micraedps using the
complex emulsion method, Pharmazie, 1982; 37, 257-4

Kim CK, Kim MJ, Oh KH. Preparation and evaluatiohsoistained
release microspheres of terbutaline sulfate Inhdri, 1994; 106,
213-219.

Park TG, Lee HY, Nam YS. A new preparation methodgrotein
loaded poly (D,L-lactic-co-glycolic acid) microsples and protein
release mechanism study. J. Controlled Releas8; 589181-191.
Mao Shirui, Yi Shi, Li L, Xu J, Schaper A et alffécts of process
and formulation parameters on characteristics amderrial
morphology of poly(D,L-lactide-co-glycolide) micnaiseres formed
by the solvent evaporation method, European Jouroél
Pharmaceutics and Biopharmaceutics, 2008, 68, 231—2

Yang Q, Owusu-Ababio G, Biodegradable progesterizeosphere
delivery system for osteoporosis therapy, Drug Dienl. Pharm.
2000, 26, 61-70.

WI L, Anderson KW, Mehta RC, Deluca PP, Kinetic and
thermodynamic modeling of the formation of polyngeri
microspheres using solvent extraction/evaporatiorethod, J.
Control. , 1995, 37, 187-198.

Mahboubiaa A Kazem HashemeinS Moghadam SH, Atyabd F,
Dinarvand R, Preparation anid-vitro Evaluation of Controlled
Release PLGA Microparticles Containing Triptorein&anian
Journal of Pharmaceutical Research 2010, 9 (4):

Dinarvand R, Mahmoodi S, Farboud E, Salehi M, Atydh
Preparation of gelatin microspheres containingdaatid —Effect of
cross-linking on drug release, Acta pharm. 20055%567.

Jalon E, Blanco-Prieto MJ, Ygartua P, Santoyo S,GRL
microparticles: Possible vehicles for topical drdelivery, Int. J.
Pharm. 200,1 226, 181-184.

Taylor KA, A simple colorimetric assay for muranacid and lactic
acid, Appl. Biochem. Biotech. 56 (1996) 49-58.

Ugwoke MI, Verbeke N, Kinget R, Microencapsulatioof
apomorphine HCI with gelatin, Int. J. Pharm. 14897) 23-32.
Haznedar S, Dortun B. Preparation and in vitro @st@n of
Eudragit microspheres containing acetazolamidd.lnPharm.2004,
269:1, 131-140.

Mostaf S, Shahbazi M, Shafiee A. Formulation andviiro
evaluation of. eudragitL100® microspheres of picaxn Nature,
2008; 1544, 1-5.

CODEN (USA): JDDTAO



