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ABSTRACT

The goal of any drug delivery system is to proadkerapeutic amount of drug (s) to the proper
site in the body in order to promptly achieve armeréby to maintain the desired drug
concentrations during treatment. This idealizedeshye can be achieved by targeting the drugs
to a specific organ or tissue with the help of coltihg the release rate of the drug during the
transit time in gastro intestinal tract. The presestudy aims to the preparation of poly ester
amide (PEA) microspheres containing indomethadif) @s a model drug, and to compare the
In vitro release and pharmacokinetics of prepar®tfbrmulations with commercially available
Microcid®SR. In the present study, water is userepare PEA polymer microspheres by
meltable dispersed emulsified cooling induced #atation method. Surface morphology of
prepared microspheres has been evaluated usinghstguelectron microscopy (SEM). The SEM
images revealed the spherical shape of microspheridls size ranges132 pum to 796 pm.
Differential scanning calorimetry (DSC) and Fourigansform infrared (FTIR) spectroscopy
studies indicated that the drug after encapsulatioiin PEA polymer was stable and compatible.
A single dose randomized complete cross over stfity (75mg) microspheres was carried out
in healthy albino rabbits. Plasma IM concentratioasd other pharmacokinetic parameters
were statistically analyzed.

Keywords: Microspheres, PEA polymer, controlled release, inelhacin.
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INTRODUCTION

Oral route has been the most popular and succhssfsgd for sustained delivery of drugs
because of convenience and ease of administrafieater flexibility in dosage form design and
ease of production and low cost of such a systene growing interest in controlled drug
delivery release is because of its benefits likerdased patient compliance due to reduced
frequency of administration and less undesiralide gffects. Microencapsulation of drugs in a
hydrophobic matrix such as polymer, control theask of drugs. The term “control” includes
phenomena such as protection and masking, redussalution rate, facilitation of handling and
spatial targeting of the active ingredient. Therahteristics of microspheres containing drug
should be correlated with the required therapeatiton and are dictated by the materials and
methods employed in the manufacture of the deliwstems. Different poly (ester) amides
(PEA) polymers have been used as barrier coatings td their hydrophobic nature. Oral
controlled release dosage forms such as microcfestare becoming more popular than single
unit dosage forms. The uniform distribution of tesultiple unit dosage forms along the gastro
intestinal tract could result in more reproduciloleig absorption and reduced risk of local
irritation.

Poorly water-soluble drugs, which are lipophilicnature easily, mix with PEA polymer and
show good absorption rate. The PEA polymeric mai®nised in the current study have good
pharmaceutical and biological properties. Differsirategies have been developed in recent
years to design different types PEA polymer michasps loaded with hydrophilic and lipophilic
drugs using toxic solvents. The use of such so$vehiring formulation is of environmental
concern and challenges to human safety. To overthim@roblem, in the present study, water is
used to prepare PEA polymer microspheres by meltdispersed emulsified cooling induced
solidification method. Furthermore the process wptimized to produce microspheres to give
better yield with spherical geometry and prediatalissolution pattern. Various drugs are
loaded with PEA, which will delay the action, dwestow dissolution of the drug. Recently it has
been reported that lipid soluble drugs gives beditesorption if they are embedded in PEA
polymer microspheres. Since dissolution is an irgmrprerequisite for drug absorption in most
of acidic or basic drugs, the used carriers inftgethe drug absorption to a great extent [1-3].
This write up will highlight a systematic study thfe PEA microspheres to develop controlled
drug delivery systems.

Factors affecting the release of drugs from PEAipel microspheres are as follows, [4]

. Molecular weight of the drug

. Physicochemical properties of the drug

. Type and amount of PEA polymer material used
. Size and density of the microspheres

. Presence of adjuvants

. pH of the dissolution medium

. Presence of enzymes

~NOoO o~ WNPE
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PEA polymer has been used as drug carriers to\aelki@ntrolled drug delivery for the past few
decades. However PEA polymer microspheres havesggomominent interest owing to their
versatile properties such as non immunogenic, lgiadiable and capacity to encapsulate drugs.
Indomethacin was chosen as a model drug. It isug df choice for maniac disease due to its
narrow therapeutic index; a controlled release ge$arm is highly desirable [5].

MATERIALS AND METHODS

Indomethacin (IM), pure drug was kindly donatedMicro Labs (Banglore, India). White to
pale yellow, crystalline powder, odorless. Pradiycdasoluble in water.
All other chemicals and reagents used were of &énalygrade.

Preparation of PEA microspheres

Required quantity of PEA polymer was melted atraperature at 265° C for 5 min separately in
a water bath. Lithium carbonate (LC) which was adie passed through sieve No0.100 was
dispersed in the melted PEA polymer mass and @tfime30 min to obtain a homogeneous melt.
These individual mixtures were poured into 150 fribaffer solutions (pH 4.2 pthalate buffer, to
minimize the solubility of drug) previously heateda temperature (90°C). Surfactant Tween 80
(1.8%w/w) was added to the mixture. The whole nmixtwas mechanically stirred using a stirrer
(RQ-127A) fitted with a four blade impeller of apgimately 53mm diameter. The molten mass
produces spherical particles due to dispersioménagqueous medium. The mixture was stirred
continuously at 90°C for 2 minutes. After 2 minuties temperature of the mixture in the beakers
was cooled rapidly and brought down t&’@C0by the addition of cool water. The resultantdsol
spheres collected by filtration were extensivelysiaad with water to remove any drug and
surfactant residues. Air-drying at room temperafaret8 hours gave discrete, solid free flowing
microspheres.

A total of four formulations were prepared by vakypolymer to drug ratio.

Characterization of Microspheres

Size distribution and size analysis:Size distribution of the PEA microspheres were isiidhy
sieve analysis technique. The separations of tleeospheres into various size fractions were
carried out. Drug loaded microspheres (10g) weeeqa on the top of series of six standard
bronze sieves in the range of 1000 - 106 (Test sieves, India), arranged in the order of
decreasing aperture size. The sieves were mountedmechanical sieve shaker (C.M
equipments, India) and operated for a period ofndf, which is adequate for complete
separation.

Micromeritics properties:
Tap density of prepared PEA microspheres was detedmusing tap density tester and
percentage Carr’s index (%l) was calculated udnegormula:

Carr;s index (%l)= (tapped density-bulk densitgydpged density [1]

Angle of reposed) was done in order to know the flow ability of PE#crospheres, by a fixed
funnel method.
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Tan @) = height/radius. [2]

Scanning electron microscopic (SEM) study: SEM photographs were taken with a scanning
electron microscope Model Joel- LV-5600, USA, at trequired magnification at room
temperature. The photographs were observed for mtogical characteristics and to confirm
spherical nature of the microspheres.

Determination of the sphericity: To determine the sphericity, the tracings of PEA
microspheres (magnification 45x) were taken onazlblpaper using camera Lucida, (Model -
Prism type, Rolex, India) and circulatory factorsazlculated [6].

Drug content: Uniformity of drug content for the best formulati@md their corresponding
commercial formulation was determined. The contdri units were combined and weighed to
the average weight of each unit. The amount egemtato the content of each unit was
determined. In brief, drug was extracted from tegpective dosage forms using methanol (80
%). Methanolic extract was suitably diluted andgdnontent was determined. The results are
expressed as percentage claim.

Estimation of drug loading: Drug incorporated (100 mg) PEA microspheres ahelaatch
were selected and powdered in a mortar. Drug fré&A Phicrospheres was extracted using
methanol (80 %),were filtered and analyzed afteessary dilutionln-vitro studies were carried
out for all the batches of the prepared formulegicand their corresponding commercial
formulations [7-9].

Differential scanning calorimetry (DSC). All dynamic DSC studies were carried out on Du

Pont thermal analyzer with 2010 DSC module. Caletim measurements were made with

empty cell (high purity alpha alumina discs weredifor Indomethacin and Indomethacin and

high purity gold discs was used for IndomethacinDof Pont company as the reference. The
instrument was calibrated using high purity indioretal as standard. The dynamic scans were
taken in nitrogen atmosphere at the heating rai®’/min. The runs were made in triplicate.

Fourier Transform Infrared Radiation Measurements (FT-IR): FT-IR analysis was carried
out for pure drug and for microspheres with anchautt drug using KBr pellet method on FTIR
spectrophotometer type Shimadzu model 8033, USA.

In Vitro release studies

USP XXI dissolution apparatus, type Il was employedtudy the percentage of drug release
from the prepared formulations. A quantity of ddogded microspheres (IM equivalent to 75
mg) were subjected for dissolution study in 900ahidissolution medium for 2 h in pH 1.2
hydrochloric acid and buffer pH 7.2 phosphate buffédne dissolution media was maintained at
37°C + 0.5'C and stirred at 100 rpm. Drug release from thentdations were determined by
withdrawing 10 ml of samples using guarded pipatt80 minutes interval for first four hours
and one hour interval for the remaining four howBamples withdrawn were estimated after
appropriate dilution. Release studies were caoigdn triplicate.
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Release studies of prepared microspheres were cethpa commercially available Microcid
SR’-75 in order to interpret the release pattern megui

In vivo studies

Subjects: Four male and four female healthy adult rablitse included in this study.
Provisions were made for all observed signs andosyms occurring during the study period to
be recorded in full.

Ethical review: Written approval obtained from local ethical conteet of Faroogia College of
pharmacy, Mysore, India.

Study design and dosesMicrocid SR’-75 capsules coded as product — A and indomethacin
loaded in PEA polymer microspheres coded as pro8udthe study was an open, randomized
complete cross over in which a single 75 mg dossaoh product

(Product A and B) was administered to fasting, thgahdult males and females on two different
occasions, separated by a wash out period of 2saetkveen dosingThe content uniformity of
marketed product and optimized formulation havenbestimated as per USP specifications (13).
Contents of 5 units of Microcid SR75 capsule and formulation IM1 were individually
combined and weighed to average weight of each unit

Procedure: All the animals were reported to the clinical tri@boratory from animal house at
7.00 AM after overnight fast of 10 hours. After gimg near the neck, an 18 gauge (1.3 x 45
mm, 96ml / min) canula was inserted in to a jugwain and kept with heparinised saline lock
the ensuing 24 h blood sampling. Test medicatimdpects A and B were administered to the
subjects with banana and 200ml water. A light faeas provided at'® h followed by two
standard meals at"7and 11" h following drug administration. Blood samples rf8) were
collected at O h (pre dose), 0.5, 1,1.5, 2, 2.8.8,4, 5,6, 7, 8, 12, 16, 20, 24 h post doseod®lo
samples were centrifuged (eltek- TC 4100 D CerggfuElektroshaft, Bombay, India) at 1500
rpm for 10 min. plasma separated and stored af€ @fior to analysis. Any other types of food
not permitted after 12 h after administration oé ttest medication. All subjects remained
ambulatory and strenuous physical activity was iwitgd during the first 12h of blood
sampling.

Chromatographic condition: Serum concentrations of IM were quantified by a ifcations

of the HPLC method described for IM by Johnsonl §1@.

The mobile phase consisted of 80 % methanol inN.8@dium acetate buffer (60: 40 v/v). The
pH of the acetate buffer was adjusted to pH 3.6 attetic acid and the mobile phase was filtered
(0.45um pore size) and degassed by sonication under waclive HPLC system was allowed to
equilibrate at a flow rate of 1ml / min. The columvas heated to 4G and the wavelength of the
detector was set to 320 nm to optimize elution ahbM and MA. MA was used as internal
standard. The retention time for IM was 5.32 misuted that for MA (internal standard) was
8.25 minutes.

Extraction procedure: Internal standard (10@) and citrate buffer (pH 3.0, 500) were added
to 10ml screw capped glass tubes containing pOOf spiked plasma. The samples were

145

Pelagia Research Library



Gowda D.Vishakanteet al Der Pharmacia Sinica, 2010, 1 (2):141-155

extracted gently with 7ml of petroleum ether: Darloimethane (50: 50) v/v for 5 min on a rotary
shaker and centrifuged at 600 rpm for 5 min. Thgaoic phase was transferred to 10 ml conical
test tubes and evaporated to dryness %€ 4The residue was resuspended in {06f mobile
phase and 2kl was injected to the column. Quantification wakiaged by the measurment of
the peak area ratio of the indomethacin to thermadestandard (mefanamic acid). The limit of
detection of indomethacin in plasma was 100 ngh0l of plasma injected) with a coefficient
variation (%) ranging between 3.8 - 8.

Statistical Data Analysis The pharmacokinetic parameters were calculas#og the Quick
calk, computer PK calculation programmer. The pplsma concentration (fz) and time
needed to reach peak plasma concentratigR.(Twere computed directly from plasma level
profiles as a measure of the rate of absorptioth@fdrug from each product. The elimination
rate constant () was calculated from the terminal elimination phad logarithm of drug
concentrations against time curve by the methodeabt square regression analysis. The
biological half life (T2) was determined by the relation;I= 0.693/K. The extent of absorption
for the products (A&B) in different subjects froimet area under the plasma concentration time
curve from zero to 24 h (AUg 29 was calculated by the trapezoidal rule metl#oda under
the plasma concentration time curve from zero finity (AUC ,.,,) was calculated using AUE

- = AUC o 1 + C 24/ K. Where Cy4 = drug concentrations in the plasma at 24 h. They dr
plasma concentration and pharmacokinetic parametere analyzed by analysis of variance
(ANOVA) at 95% confidence limits. Difference betweéwo related means was considered
statistically significant when their P values wegpial to or less than 0.05.

RESULT AND DISCUSSION

In the present study, a novel dispersed Emulsi@edling Induced Solidification Method was
optimized by using inert PEA polymeric materialsl aontoxic solvent to entrap the drug. Effect
of pH on drug loading capacity, effect of surfactaancentration on drug incorporation, drug
and polymer ratio, stirring sped, and volume ofeampus phase used were optimized during the
preparation of polymeric microspheres.

Table 1. Effect of pH on the loading capacity of Idomethacin into PEA polymer

Formulations | pH Drug loading (%)
Code

IM1 4. 22.36%

IM2 5.2 17.24%

IM3 6.2 13.72%

IM4 7.2 11.38%

*Standards are expressed as mean = SD (n =3)

Loading of drug into PEA polymer was found to be gpendent. Loading capacity of IM into
PEA obtained at different pH ranges are given ibl@al. At pH 4.2 (pthalate buffer) a
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maximum of 22.36 % of IM was loaded which was thaximum amount of drug loading
encountered in respect to all the formulation. e pH was increased from 4.2 to 7.2, percent of
IM loaded was reduced from 22.36 to 11.38 %. Ibbeésause when pH value of external phase
was acidic, solubility of drug was reduced and esoéted amount of drug was increased.

Incorporation of drug into PEA polymeric microspéerequired the addition of a surfactant at
an optimum concentration to reduce the interfaeiasion between the hydrophobic material and
external aqueous phase. An attempt was made topmate liquid drug in the PEA polymer
microspheres without the addition of a surfact®8ut the process failed and resulted in an
aggregate cake like mass during the solidificattbnPEA polymer. It may be to repulsion
resulting from high interfacial tension between tgrophobic PEA polymer material and
external aqueous phase. An optimum concentratibra csurfactant to obtain discrete
microspheres with good flow properties, 1.8 % wiwéen-80) for PEA polymer was used. To
obtain an optimal surfactant concentration, varioaecentrations ranging from 0.5 to 2.0 %
(w/w) of the total formulation were tested. Concatibns of surfactant (Tween-80) ranging
from 0.5 to 1.7 % w/w did not give reproducible migpheres. The resultant PEA polymer
microspheres were composed of irregular massesiang@ossible to distinguish as individual
microspheres. It was found that surfactant havingl® value of 15 was more suitable to
increase substantially dispersion of PEA polymerponmwte drug incorporation in the
microspheres. Solid, discrete, free flowing miptueres were produced, after cooling. A similar
surfactant concentration was reported for beeswaorospheres prepared by a melt able
dispersion method [11].

[SEU ., %450 SBum -

Figure 1. SEM photomicrograph of formulations showng irregular surface and presence of
drug crystals on microspheres surface

In the present study, to produce spherical disareteospheres, an optimum of drug to polymer
ratios is essential. Keeping this in view drug tdymer ratio ranging from 1:4 to 1:1 w/w was
used, having a formulation code of IM4 to IM1 redpeely. A higher amount of drug to
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polymer ratio is also under taken but it was natitieat when higher amount of drug to PEA

polymer ratio (2:5) was used, microspheres foungettoaggregated and form a mass during the
cooling process. From the SEM photographs, Figaret was observed that the prepared

microspheres were irregular in shape, with surfaegularities and presence of the drug crystals
on the surface of the microspherdhe presence of drug particles on the surface ef th
microspheres may be due to the sudden diffusionlirofy from PEA polymer spheres and

deposited on the surface at the time of emulsiboat The produced microspheres were

unsuitable for pharmaceutical uses.

In the present study it was found that 150 ml ofiemys phase was suitable for producing
spherical microspheres. Resultant microspheresnaotausing this amount of aqueous phase
was free from surface irregularities and can bevered as discrete matter. However an increase
in amount of aqueous phase and decrease in améwagueous phase was also taken into
consideration to prepare spherical microspheresial found that as the volume of external
phase increased, the yield was reduced and th&amismicrospheres were irregular in shape.
When the volume of the aqueous phase was lessl@aml, the resultant microspheres were
found to be aggregated like a mass which is highjyossible to distinguish as a individual and
discrete microspheres. So in order to avoid theébion of irregularly shaped larger particles,
and to produce spherical microspheres, in the ptesethod 150 ml of aqueous phase was used.

Temperature of the aqueous phase was maintair@@iCatThe resultant microspheres were free
from surface irregularities, except some wrinklessarface. It was also observed that when the
temperature of the aqueous phase was less th@nlgg flakes were produced.

Another important factor taken into consideraticasveffect of stirring speed on size distribution

of drug loaded microspheres. It was observed astihiéng speed was increased considerably,
reduction with the average size of the microsphes&s observed as shown in Table 2. A stirring
speed of 700 rpm to 1000 rpm was taken into coraii®. \When the stirring speed was lower

than 900 rpm, leads to the formation of pelletscilspheres prepared at different stirring speed
(700 — 1000 rpm) were prepared and their size weesnored by SEM.

From the above results it can be concluded thatdthg and PEA ratio, temperature of the
agueous phase, surfactant concentration, stirfiegd were well controlled to produce better
quality of microspheres.

Table 2. Effect of stirring speed on size for IMdaded PEA microspheres

Formulation Code Stirring speed Average size (um)*
(rpm)
M1 70C 36 0€
IM2 80C 34&+ 04
IM3 90C 335+ 07
IM4 100( 32z 01

*Standards are expressed as mean = SD (n =3)

148

Pelagia Research Library



Gowda D.Vishakanteet al Der Pharmacia Sinica, 2010, 1 (2):141-155

Micromeritic properties

Prepared PEA microspheres were subjected to miciber&udies and presented in Table 3
Sieve analysis data indicated that upto 70% ofgrexpmicrospheres 132 um to 796 um. It was
observed that an average size of microspheresnliesnge between 323 um to 363 um. The
value of angle of reposé)(were in range between 24.3&.03 to 28.1% 1.29, indicating good
flowing behavior of prepared microspheres. Meastapged density lies within range of 0.3541
+ 2.54 to 0.4896+ 1.41 g/cm. The percent Carr's index (%) was found to beramge
from11.44+ 1.51 % to 15.14 3.19 %, suggesting good flow property of the pregaPEA
microspheres.

Table 3. Micromeritic properties of IM loaded PEA microspheres

Formulation Size(pm)* Yield (%)* Angle of Carr’s index Tapped
Code Repose §)* (%l)* Density
(g/lcm?)*
IM4 323+ 01 80.12+ 1.03 24.36% 2.03 13.53+2.59  0.3854+ 1.73
IM3 335+ 07 88.33£2.41 25.82+1.13 11.52+ 1.69 0.3541+ 2.54
IM2 34&+ 04 91.75+1.06 27.56x 2.34 11.44+ 1.51 0.4896+ 1.41
M1 363+ 0€ 89.85+ 1.05 28.19+ 1.29 15.14+ 3.19  0.4657+ 1.10

*Standards are expressed as mean = SD (n =3)

The scanning electron micrographic photographs (BBire obtained to identify the
morphology of the prepared PEA microspheres arsepted inFigure 2. SEM photographs
showed that the PEA microspheres were sphericahiare, had a smooth surface with inward
dents and shrinkage due to the collapse of the efalhe microspheres. Thus the removal of
solvent from microspheres exerts an influence @nrtforphology of the end product. These
characteristics are correlated with waxes microssheeported earlier by Giannola et*8EM
photographs reveal the absence of drug particlabesurface of microsphere showing uniform
distribution of the drugs in the walls of the mispheres.

. PR N

p e

Ara8  18rm WD1G

Figure 2: SEM photographs of IM loaded PEA microspleres showing spherical shape.
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Differential Scanning Calorimetry (DSC) and FTIR studies

To understand the compatible state of the drug, B&@ies were carried out on pure drug,
microspheres with drug loaded microspheres andowitidrug; the thermo grams obtained for
Indomethacin are shown in Figure 3. The meltingipof the PEA polymer was 265C and
melting point of the drug is 152 to 189 Pure drug exhibits a sharp endothermic peak at to
161°C. It was observed that absence of the endothepesk at to 16°C in the drug loaded
microspheres indicated, that the drug is molecylalistributed in the microspheres. A
comparison and interpretation of these resultsimstudy agrees with Tamilvanan et al [12].
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Figure 3. DSC thermograms of pure drug IM (Peak a)PEA Polymer (peak b), IM loaded in PEA polymer

(peak c).
FTIR spectra showed in Figure 4 revealed that theracteristics peaks of drug occur after

successful encapsulation, without any change irr tpesition, indicating no chemical
interactions between the drug and used PEA micerggh

Encapsulation efficiency

Encapsulation efficiency (%) of prepared PEA IM rogpheres was found to be highest in
formulation IM1 (92.58%) as compared to IM2 (83.56M3 (76.56%), IM4 (70.27%). This

effect may be presence of more amount of polyméiih formulation which in turns enhances
its ability to entrap more amount of drug with imtmces.
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Figure 4. FTIR spectra of Indomethacin and IM loade&l PEA microspheres.

In vitro drug release

From the release studies it was observed thag ikaro significant release of drug at gastric pH
from PEA microspheres and this indicates thatuted PEA were gastro resistant in nature.
Drug was released in a biphasic manner consisfinyt@l fast release stage followed by a slow
release at intestinal pH from PEA microspheres.msilical fits indicated that the first order

gave consistently higher values for the correlatioefficient 0.9922, 0.9856, 0.9751, 0.9854 for
the prepared formulations. At the end 8t igour, drug release in the intestinal environment f
the prepared formulations ranges from 77.81% fat Bid Microsid SR — 75, it was 97.59% as
shown in Figure 5. Thdn vitro drug release was considerably retarded from the PEA
microspheres when compared to marketed productdditiSR’ — 75.

100
80
60
40

20

Cumulative % drug release

Time (hr)
——F4 —A—-SR® 75

Figure 5. Drug release profile of Formulation IM4and marketed product Microsid SR® 75.
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Initial drug release from PEA microspheres at e environment by biphasic manner and
associated with an initial burst release of drugrospheres was observed respectively. This
release might be from the surface accumulated dkétgr initial burst effect, the subsequent
release of drug was slow and the same behaviaugffdom wax was reported by Giannefaal
[11].

In the present study, statistically estimated valofen at the 95 % confidence limit, for prepared
microspheres n = 0.57 and 0.45 indicating ficki@mgport. This conclusion is agrees with the
Kumbar et al. have also reported such low values of n for Dahaic Sodium loaded
microspheres[13].

Recovery of the IM from the plasma was calculatgdcomparison of peak height ratio after
direct injection of the IM or MA to the peak heigbt the same concentrations of analytes
extracted from plasma. In both products the regoeéiM was above 90%. Sensitivity of HPLC
assay qualitative confirmation of the purity of Bvid MA peaks were obtained in TableTéhe
limit of quantitation was 50 ng/ml of IM in plasmahen 0.5 ml plasma was placed. The
obtained mean correlation coefficients for the d#éad curves (n=7) was 0.998. Assay was
shown to be sensitive, capable of detecting IM eatrations in plasma as low as 50 ng/ml.
Interferences from endogenous compounds were averdamy using as acidic buffer (citrate
buffer pH 3.0) to alter the pH of the agqueous plimegere extraction.

Table 4. Recovery results obtained for IM from plama

Sampling time Drug present Drug added in Drug Drug conc. % of drug
(h) in ng/ml (a) ng/ml (b) recovered in Recorded in recovered c-a
ng/ml (c) ng/ml (c-a) x 100/b. Mean
+ SD*
0.5 10 5C 54 44 90.0£1.0.
2.C 10 10C 10¢€ 93 93.0+1.2
4.C 10 20C 20¢ 191 95.0 £ 1.4
6.0 10 30C 303 301 98.7 £1.3.
8.0 10 40C 40¢ 393 97.4+1.5

In vivo Studies

In vivo studies were carried out for Micro&8R capsule (product A) and indomethacin loaded
PEA microspheres (product B), both containing 75ahgdomethacin, on adult albino rabbits.

Blood samples were withdrawn at different time iméds and plasma concentrations of

indomethacin was estimated, results of which amsgmted in Table 5 and the profile is

presented in Figure 6 for both the products inhedleight subjects.

From the data obtained, it may be observed thegr afral administration, peak plasma
concentration Guax of 2064 + 55.78 ng/ml was observed after 3.0 iotor products A and
1939 + 20.32 ng /ml for products B. From the corgmm of the mean values of plasma
concentrations of product A and B, it was obsembed product B has significantly lower plasma
concentrations. But the mean plasma concentratibmglomethacin for both the products in all
subjects were within the therapeutic concentratamge (300- 3000 ng/ml). It was observed that
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the plasma concentrations of indomethacin in alinais after 24 hours of oral administration
were below 50 ng/ml for both the products. It wésoaobserved from the studies that the
therapeutic concentration range of indomethacinntaaied for about 12 hours following a
single oral dose administration for both producmd Product B. From the data obtained, it may
be observed that the time taken to reach peak plasncentration f.x was 3.0 hours for
product A and 3.5 hours for product B. ThoughuI was little high for product B, statistical
significance differences between the two produds wot significant. Mean rate of absorption
Ka for product A was 0.3822 + 0.002'hand for product B 0.3668 + 0.029' land mean
elimination rate constanteKfor product A 0.2723 + 0.004'tand for product B 0.2417 + 0.01
h™. Similarly mean elimination half life s for products A was 2.65 + 0.03'tand for product B
2.86 + 0.01 H . From the above data it may be observed thag Gind t,, for both products
differ marginally and statistical difference wag smnificantly.

Table 5.Mean plasma concentration of indomethacirrém product A and B

Product A Product B
Time (hr) Conc. ng/ml * Conc. ng/ml *
0.t 00.0( 00.0(
1.C 143.62+ 4.59 00.0c¢
1.t 179.62+ 8.10 138.5% 5.09
2.C 248.5+ 8.60 184.62 6.23
2.t 1222.5+ 19.01 90a: 5.31
3.C 2088 + 50.33 1202.521.63
3.t 1976.37+ 12.72 1928.12 21.30
4.C 1400+ 21.98 1311.25% 15.38
5.C 900+ 20.59 806.121.59
6.C 516.87+ 10.28 471.12 8.85
7.C 473.25+ 13.39 380.62 11.2
8.C 342.37+ 21.81 321.6& 6.31
12.C 311.62+ 8.81 205.12 2.32
16.C 218.12+ 11.51 186.1% 5.64
20.C 154.5+ 11.16 140.2% 9.23
24.C 63.87+ 7.56 65.12 5.24

*Standards are expressed as mean = SD (n =3)

The mean AUG,, values for products A& B was 9687 + 132.87 ng/mt.dnd 8353 + 40.04
ng/ml.HY. The systemic availability of indomethacin, asedmined by comparison of the area
under the plasma concentration time curves (AU@Gs)pwer for both the formulations. The
reported bioavailability of orally and rectally aohstered IM is 100% and 80 % relative to
intravenous dose. As for as comparison of the taron@lations are concerned, the statistical
analysis indicated that the product B exhibitednalter and non-significant reduction in the AUC
values. The slowen vitro release of indomethacin from the products A & Byrbha responsible
for the decreased AUC values. Statistical analysigcated that the product B exhibited only a
smaller and non significant reduction in the AUGQues. The observed mean AUYC.values for
product A & B was 9860 + 129.22 ng/mf.rand 8627 + 46.88 ng/mlI’hdoes not show any
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significant statistical difference between the ptd. Comparative profile of various
pharmacokinetic parameters is shown in Table 6.

2500 -
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2000 4

—— Product B

1500 -~

1000 -

500 -

0 -

051152253354 5 6 7 8 12 16 20 24

-500 -
Time in hr

Figure 6. Mean plasma concentrations time profilesf product A and product B
Product A - Microcid ®SR and Product B — IM loaded in PEA microspheres.

Table 6. Statistical comparison of the mean valuasf pharmacokinetic parameters product A & B

Parameters Product A Product B P
Crnax 2064 +55.78 ng Ir 1939 +20.32 ng /r < 0.0¢
Trmax 3.0t 3.5t < 0.0¢

K, 0.3822 +0.002* 0.3668 + 0.002 * < 0.0¢
Ke 0.2723 +0.004™* 0.2417+0.01 t* < 0.0t
tin 2.65+0.03* 2.86+0.20 1 < 0.0¢
AUC .24 9687 + 132.87 ng/ml’ 8353 + 40.04 ng/ml’ < 0.0¢
AUC .., 9860 + 129.22 ng/ml° 8627 + 46.88 ng/ml’ < 0.0¢

On the basis of FDA recommendation, the two pragjudicrocid®SR and formulation found to
be bioequivalent. No untoward effects were obsebsedny of the subjects after administration
of either product.
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CONCLUSION

Present work aimed to prepare and evaluate micesspHoaded with Indomethacin by novel
dispersed Emulsified Cooling Induced SolidificatiMethod for controlled release of drug.
Method employed was simple and economical, withusing any toxic solvents. Results of drug
entrapment and micromeritic properties exhibiteddyoesults. It was found that microspheres
prepared were spherical as indicated by SEM stu@iempatibility studies were done by FTIR
and DSC studies. Results indicate that polymer dndy are compatible with each other.
Optimized formulation and marketed formulation sBowomparable drug release profile.
Optimized formulation and marketed productMicr6@® showed similarity in drug release
profiles and in vivo bioequivalent behavior. Frone tpresent data it is concluded that prepared
formulation controlled the drug release in a satigiry fashion, which in turn demonstrate the
potential use of PEA polymer for the developmentaritrolled drug delivery system.
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