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ABSTRACT

The objective of this work to prepare and evalumeswax microspheres loaded with ranolazine and
minimizes the unwanted side effects of ranolazynedntrolled release of drug. Evidence has shown
in the recent years that waxes have the physicapgrties suitable to prepare gastro resistant,
biocompatible, biodegradable microspheres to reteti®e entrapped drug in the intestinal lumen.
Ranolazine was entrapped into gastro resistantdégradable beeswax wax microspheres using
meltable emulsified dispersion cooling induced difitiation technique utilizing a wetting agent.
Solid, discrete, reproducible free flowing microspts were obtained. The yield of the microspheres
was up to 93 %. More than 96.0 % of the isolatectmspheres were of particle size range 115 to 855
um.  The obtained angle of repose, % Carr’s inded tapped density values were well within the
limits, indicating had smooth surface, free flowiagd good packing properties for the prepared
microspheres. Scanning Electron Microscopy photplgsaand calculated sphericity factor confirms
that the prepared formulations are spherical inuratand size range 345-355. Drug loaded in wax
microspheres was stable and compatible, as confirime DSC and FTIR studies. The prepared
formulations were analyzed quantitatively for thmaunt of encapsulated drug. It was observed that,
there is no significant release of drug at gaspld. The drug release was controlled more than 8hr.
Intestinal drug release from wax microspheres wasisd and compared with the release behavior
of commercially available oral formulation CardZ00 tablet. The release kinetics followed different
transport mechanisms. The drug release performavee greatly affected by the material used in
microsphere preparations, which allows absorptiorhe intestinal tract.
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INTRODUCTION

Ranolazine is a novel anti anginal agent belonginthe group of piperazine acetamide has
been widely used in the treatment of cardiovascueeases, including arrhythmias,
variant and exercise-induced angina, and myocandgitrction [1]. The solubility of
ranolazine is relatively high at the low pH thatwos in the stomach. The high acid solubility
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property of ranolazine results in rapid drug absBorpand clearance, causing large and
undesirable fluctuations in plasma concentratioraablazine and a short duration of action,
thus necessitating frequent oral administrationafdequate treatmef#]. The administration

of ranolazine induces adverse effects on GIT a$ agehepatic, pancreatic, renal, endocrine,
nervous, cardiac and hematological systems [3adioeve maximum therapeutic effect with
a low risk of adverse effects, controlled releagegparations are preferred [4]. The growing
interest in controlled drug delivery release isduse of its benefits like increased patient
compliance due to reduced frequency of adminisinaéind less undesirable side effects. The
side effects could be lowered by controlling thegdrelease and by adjusting the absorption
rate.This can be achieved by employing suitable ifiscations in the manufacturing
process [5]. Delivering the drug in the intestimalieu from wax microspheres could be
manipulated by suitable coating techniq{@s Extensive clinical experience and extended
release studies have shown that ranolazine is mfbeetive than atenolol amlodipine or
diltiazem, that ranolazine can reduce both angmguency and nitroglycerin consumption
[7]. Major advantage of ranolazine over other tiiadalantianginal agents is its lack of effect
on blood pressure and heart rate. This unique prop®t only provides alternatives for
patients who cannot tolerate the hypotensive arghtne inotropic actions of traditional
agents (beta blockers, calcium channel blockenstas), but also provides clinicians with an
adjunctive agent that does not add to the advéfset® of a patient's current therapy [8]. The
chief characteristics of enteric coating are thenpermeability to gastric juices but
susceptibility to intestinal juices [9]n the present study, a novel meltable dispersion
emulsified cooling induced solidification method svemployed using inert wax (FDA
approved) material and non-toxic solvents to entiep drug [10]. Ranolazine should be
dosed twice a day and due to its short half lifd bow therapeutic index, the frequency of
adverse effects may be dose related [11]. As detrated by pharmacokinetic studies on
ranolazine, the ingestion of a single controlletease dosage form is effective when
administered twice a day [12,13]. A controlled asle dosage form of ranolazine is
preferable than the conventional dosage form, lscdhere is a considerable saving in
nurses and pharmacists time. Prepared wax microsph@aded with ranolazine, compared
with commercially available oral formulation tablearozd500 and drug release from the
wax microspheres was studied. These findings stegdkat kinetic control is effective for
preventing the untoward effects of ranolazine. gy experimental results have shown in
the recent years that waxes have the physical giepesuitable to prepare gastro resistant,
biocompatible, biodegradable and non immunogenitenas used for the entrapment of
drug, used for controlling drug release in thesttel tract [14, 15].

MATERIALS AND METHODS

Ranolazine was obtained as gift sample from Zydadgil&€, Ahmedabad, India. Beeswax and
surfactant Tween-80 was purchased from M/s Lobar@@®vt. Ltd., Mumbai, India. All the
chemicals and solvents used were of analyticaleg(itbrck, Mumbai, India).

Preparation of microspheres

Beeswax wax (9 g) was melted in china dish at a&sature of 65°C and kept on water bath.
Drug (3g) previously passed through sieve No0.108 digpersed in melted wax mass and
stirred to obtain a homogeneous melt. This mixtwes poured into 200 ml of pH 10.9
ammonia buffer solution (to minimize the solubildfdrug), which was previously heated to
a temperature higher than melting point of wax §°). Tween 80 (1.0-2.0% w/w) was added
to the above mixture and was mechanically stirre@0® rpm using a stirrer (RQ-127A).
Spherical particles are produced due to dispergionolten wax in the aqueous medium. The
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mixture was stirred continuously at 900 rpm at ghbr temperature>f 5°) of the melting
point of wax for 3 min. The temperature of the mnetin the beaker was cooled rapidly and
brought down to 10° by the addition of cold watEhe resultant solid spheres collected by
filtration were washed with water to remove anyglamd surfactant residues. Air-drying was
carried out at room temperature for 48 h gave dis¢isolid, free flowing microspheres.

Size distribution and Micromeritic properties

Sieve analysis technique and SEM studies wereechout for size distribution of the wax
microspheres respectively. Tap density of the pexpanicrospheres was determined using
tap density tester and percentage Carr’'s index (@b calculated. Angle of repo® (vas
assessed to know the flowability of wax microspbeby a fixed funnel method.

Scanning Electron Microscopy (SEM) and sphericity

SEM photographs were recorded using scanning eleaticroscope Model Joel- LV-5600,
USA, at suitable magnification at room temperaturee photographs were observed for
morphological characteristics and to confirm sptedrinature of the microspheres. To
determine the sphericity, the tracings of wax neplweres (magnification 45x) were taken on
a black paper using Camera Lucida (Model -Prisne tygolex, India) and circulatory factor
was calculated by the equation, S =/12.56 X A), where, A is area (cfjand p is
perimeter (cm).

Fourier Transform Infrared spectroscopy (FT-IR)

The FTIR spectra for pure drug, empty microsphems drug loaded microspheres were
obtained using KBr powder method. Spectral measeinesnwere obtained by powder diffuse
reflectance on a FT—- infrared spectrophotomgfe Shimadzu, 8033, USA.

Differential scanning calorimetry (DSC)

All dynamic DSC studies were carried out on Du Ptwrmal analyzer with 2010 DSC
model. Calorimetric measurements were made withh#lp of an empty cell (high purity
alpha alumina disc) as the reference. The instrtinvan calibrated using high purity indium
metal as standard. The dynamic scans were takeitragen atmosphere at the heating rate
of 10° /min.

Estimation of drug loading andIn vitro drug release studies

For determination of drug content, 100 mg microspbewere dissolved in 100 ml of
methanol. The resulting solution was analyzed spphbtometrically at 272 nm (Shimadzu-
1601, Japan) after sufficient dilution with phosighlauffer (pH 7.4).

USP XXI dissolution apparatus, type Il was employ@dtudy the percentage of drug release
from the prepared formulations. Accurately weiglye@ntities of drug (ranolazin800 mg
equivalent to a commercial preparation — Carozarff@ablet) loaded microspheres of each
batch were taken in 900 ml dissolution medium ¢bxfenac- 2 h in pH 1.2, hydrochloric
acid buffer and 6 h in pH 7.4, phosphate buffed atirred at 100 rpm by maintaining at a
temperature of 37 + 0.5°. The drug concentratioasevdetermined by withdrawing the 10 ml
of aliquots using guarded sample collectors pecatli at an interval for the next 4 h.
Release studies were carried out in triplicate.

Comparison of dissolution profiles
A differential (f;) and similarity factoKf,) was calculated from dissolution data according to
the following equations.

234
Scholar Research Library



D.V. Gowdaget al Der Pharmacia Lettre, 2010, 2(6):232-243

>ie — 7|
= +=1 1‘% t = 100
> R,
#=1
& —0.5
f> =50log { 1+ (E) > (R mﬁ] x 100}
=1
Where, f1 -Differential factor

f, - similarity factor

n - Number of time point

R - Dissolution value of the reference at't’ time
T, - Dissolution value of test formulation at't’ time

Differential factorf; was calculated by the percentage difference betwiee two curves at
each time point and was measurement of the relaiver between the two curves. The
acceptable value fdi is 0-15.

The Similarity factorf, was logarithmic reciprocal square root transforamabf the sum-
squared error and is a measurement of the sinyilarthe percentage dissolution between the
reference and test products. For a dissolutionlprtaf be considered similar, the valuedof
should be between 50 and 18 f, value of 100 suggests that the test and refenerutdes
are identical and as the value becomes smallerdiggmilarity between release profiles
increasesThe evaluation of similarity is based on the caodig of a minimum of three time
points, individual values for every time point, nobre than one mean values of >85%
dissolved and the standard deviation of the meanldibe less than 10% from the second to
last time point.

RESULTS AND DISCUSSION

Recent reports have shown in the recent yearswhaes have the physical properties and
behavior suitable to prepare gastro resistant,donpatible, biodegradable microspheres to
release the entrapped drug in the intestinal lufhéh In the present study, a novel meltable
dispersion emulsified cooling induced solidificatimethod was employed using inert wax
(FDA approved) material and non-toxic solvents mtrap the drug. The present method is
quite different from that reported methods [17].wéwer in the present study, various
parameters were optimized such as drug and wax, igttiring speed and time, amount of
surfactant added, effect of pH on drug entrapmeapid cooling studies during the
preparation of wax microspheres. Therefore theuarfte of the above parameters was
highlighted. When the pH value of the external agisephase was basic, the solubility of the
drug was reduced and the encapsulated amount afrtiieincreased. The maximum drug
load was obtained at pH 10.9. When pH value chafrges 10.9 to 7.0, the percent of drug
loading reduced from 26.49 to 12.31 % for drug &xhad/ax microspheres.

Incorporation of drug into wax microspheres requitee addition of a tween 80 (surfactant)
at an optimum concentration to reduce the intesfatension between the hydrophobic
material and external aqueous phase. An attemptnveaie to incorporate drug in the wax
microspheres without the addition of a surfact&uit the process was failed and it resulted
in an aggregate cake like mass during the solatibo of wax. It may be due to repulsion
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resulting from high interfacial tension between Hyelrophobic waxy material and external
agueous phase. It was found that surfactant havidgB value of 15 or more was suitable to
increase substantially dispersion of wax and prendotig incorporation in the microspheres.
To obtain an optimal surfactant concentration,ausiconcentrations ranging from 1.0 to 2.0
% (w/w) of the total formulation were tested. Thesultant wax microspheres were
composed of irregular masses, which were not plesdib distinguish as individual
microspheres. Optimal concentration of Tween-&8% w/w was used to produce solid,
discrete microspheres with good flow propertiessifilar surfactant concentration was
reported for beeswax microspheres prepared by &@ibheldispersion method [14,15].

In the present study, to produce the sphericalelisanicrospheres, an optimum drug to wax
phase ratio of 1:3 w/w was used. It was found thgher the amount of drug to wax ratio
(2:3) produces aggregate masses during the coptiogess. It may due to more amount of
drug ratio, responsible for reduced melting poihthe wax, leads to aggregate mass. SEM
photographs also indicated the presence of théatsysn the surface of the microspheres and
resulted microspheres were unsuitable for pharnime¢uses.

The important factor that influences the size thstion of microspheres was stirring speed
and time. An optimum stirring speed of 900 rpm &nte was 6 min was used to obtain
reproducible microspheres. It was observed that thié increase in the stirring speed from
900 to 1300 rpm, there was a decrease in the awvesemgp and recovery yield of the
microspheres, small sized wax microspheres whiate st during successive washing and
filtration. When the stirring speed was lower tf800 rpm, larger pellets were formed. An
increased stirring time from 4 to 9 min (at a stgrspeed of 900 rpm), decreased recovery
yield of microspheres was observed. Because morimgtspeed for longer duration lead to
produces smaller sized microspheres and these spioeoes were lost during successive
washing and filtration. When the stirring time wass than 4 min, some amount of melted
material was adhered to the sides of the beakengltite cooling process, resulted in lower
recovery of yield. Repeat batches treated at aim®d rate mentioned above to produce
reproducible sizes, showing that stirring speedtand were well controlled.

In the present study, 200ml (optimum amount) ofeaqis phase was used to produce
spherical microspheres. Resultant microspheres fi@a surface irregularities and free
flowing in nature. When the volume of external ghass increased (> 200 ml) or decreased
(< 200 ml), resultant microspheres having surfagegularities (confirmed by SEM
photographs), sticky, aggregate and impossiblastinduish as an individual microspheres.
A rapid cooling study during the preparation of wamcrospheres was carried out. The
temperature of the mixture was cooled rapidly (mi) and brought down to 10C by the
addition of cold water, produced microspheres vwaaied, discrete, free flowing in nature.
When, the temperature of the mixture was cooledlgl¢> 5 min) obtained microspheres
were flaky, sticky, aggregate in nature, not suigdbr pharmaceutical purpose.

Temperature of the aqueous phase was maintaifi@itigher than the melting point of the
wax in the corresponding formulations. From SEM&s it was observed that the resultant
microspheres were from free from surface irregtiém;j except some wrinkles. But, when the
temperature of the aqueous phase was less thdn’tBethan the melting point of the wax,
big flakes were produced.

A total of five formulations are made varying ambohdrug to polymer ratio as shown in
Table 1.
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Table 1: Percentage yield, physical appearance amdicromeritic properties of drug loaded beeswax
microspheres

Formulation | Yield Physical Angle of | Tapped Density Particle
Code (%) | appearance| Repose | (%) (g/cnt) size (um)
Al 94.82 Free 2434 | 11.89 0.4765 335+1.13
flowing
Free

A2 95.29 - 25.32 10.11 0.4798 337+0.58
flowing
Free

A3 96.25 - 25.47 12.43 0.4532 342+1.73
flowing

A4 94.48 Free 2721 | 12.28 0.4760 347+2.58
flowing
Free

A5 93.54 - 27.92 11.98 0.5012 350+2.47
flowing

Values shown in the table mean percent of 3 batfhes3).
RN is Ranolazine, BW is bees wax, A1= RN (0.8) (B9), A2 = RN (0.9): BW (3.0), A3 =RN (1.BW
(3.0),A=RN(1.0): BW (3.1), A5 =RN (1.BW (3.2)

Formulations A3, Al, A2 were free flowing in natuidut formulations A4 and A5 are
sticky, aggregate in nature; it might be due toen@tio of wax. The percent yield ranged
from 93.54 % (A5) to 96.25 % (A3). Percentage yiatdl physical appearance are given in
Table 1. When the drug wax ratio was 1.0:3.0, maxmyield was observed formulation A3.
But increased drug ratio produces increased pexgeldt (A2 > Al) and increased wax ratio
produces decreased percent yield (A5 < A4), ithinlge due to increase the viscosity of the
emulsifying phase leads to separates the wax iolid #akes during cooling. Addition of
tween 80, stirring speed and time increased oredsed amount also affects the percent
yield. But the effect of other different factors the percentage yield of microspheres was not
clear, possibly as a result of the improper recpeémicrospheres during filtration.

Sieve analysis data indicated that the preparedospberes were in the size range of 115 to
855 um and 53.1 to 63.4 % were of size fraction 3. It was observed from SEM
photographs, the obtained average sizes of theosgberes were Al (33am), A2 (337
pm), A3 (342pum), A4 (347m) and A5 (350um). On the other hand increase in the drug
ratio (A3 > A2 >Al) or wax ratio (A5 > A4), influee the average diameter of microspheres.
This may be due to higher viscosity of the intenplahse, which might have rendered higher
resistance to the shearing of emulsion, there loyeasing the particle size. It was not
possible to avoid the formation of larger sized nwspheres during rapid cooling of wax
leading to hardening of the microspheres This isgreement with literature findings and
utilized higher molecular weight beeswax producddrospheres little larger size than the
low molecular weight waxes [15].

Micro particulate systems should possess the battdradequate micromeritic properties.
The obtained micromeritic properties of the forntiolas were presented in Table 1. The
values off (angle of repose) were in the range 24.34 to 2in@2ating good flow potential
for the microspheres. The measured tapped deralilyes ranged between 0.4532 to 0.5012 g
lem®. The results of % | (Carr's index) range from 10tb 12.43 %, suggest good flow
characteristics of the microspheres. The bettev fiooperty indicates reasonable and good
flow potential of prepared microspheres.

SEM photographs showed that the wax microspheree sgherical in nature, had a smooth
surface with inward small pores on the wall of thierospheres shown in Figurel. It may due
to removal of the solvent during situ drying process.
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Fig 1. SEM photographs of wax microspheres (A3). 9& Photograph of drug loaded wax microsphere
showing spherical in nature. RN is Ranolazine, BVis beeswax .A3 = RN (1.0) + BW (3.0 g).

The rate of solvent removal from the microsphepe=ts an influence on the morphology of
the final product. Microspheres with increase imaantrations of wax exhibited the highest
size. There was a clear tendency towards microsphs&re increased with concentrations of
wax and this is an agreement with literature figdif15]. SEM photographs revealed the
absence of crystals of the drug on the surfaceiofaspheres indicating uniform distribution

of the drug in the walls of the microspheres. Tplesicity of the prepared microspheres was
confirmed and the calculated sphericity values eretar the value 1, confirming the sphericity
of the microspheres.

DSC studies [17jvere performed on pure drug; and drug loaded nptrees presented in
Figure 2. Pure drug exhibits a sharp endothermad jpeto 122 C. It was observed that absence
of the endothermic peak at to 12€ in the drug loaded microspheres indicated, thatrug is
molecularly distributed in the microspheres.

DSC
mvy_
0.60 1
l Peak B
1000 ||
= S Peak A
st VLT SR A
e |
100,00 200,00 300

Terp [C]

Fig 2. DSC thermograms for pure drug and wax microghere (A3). Peak A= pure RN, peak B = A3, RN
= Ranolazine, BW = beeswax, A3 = RN (1.0) + BW.(Bg)
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From the FTIR studies the characteristic absorpiands for important functional group of
pure drug and drug-loaded microspheres are idedtifR spectra at 1688.2 ¢C=0 ketone
stretch), 1655.8 cth (C=O carboxylic acid stretch), 1437.8¢m(C=C stretch
aromatic),1335.8 cth(N-H Stretch),1295.1cth(C-N Stretch) and 1257.5 ¢h(C-O stretch).
FTIR spectra shown in Figure 3 showed that theataristics bands of ranolazine were not
altered after successful encapsulation without emgnge in their position, indicating no
chemical interactions between the drug and wax.

Fig 3.: FTIR spectra of Ranolazine and RN loaded wamicrospheres (A3)

|

. \“"u  § W \f/ / \\f
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The percent of drug loading in the formulations evar the range of 23.72 % to 26.49 %.
Drug loading was low in the formulation A5 and higbr the formulation A3. The
encapsulation efficiency (%) was found to be mare formulation A3 (86.42 %), when
compared to formulation A4 (81.20 %A2 (84.32 %)< Al (83.16 %)< A5 (77.42). It can
be concluded that microspheres formulation A3 hadenencapsulation efficiency.

From the release studies, it was observed thag thano significant release of drug at gastric
pH from wax microspheres indicates that the usexl iwaastro resistant in nature [15,16].
At the end of 8 hrs, cumulative drug release (%) versus time (inosh formulation A3 was
faster than formulations Al, A2, A4 and A5 in timeistinal environment as shown in Figure
4.

Drug was released in a biphasic manner and comgisfiinitial burst release followed by a
slow release at intestinal pH from the wax micrasphk This result could be attributed to the
dissolution of the drug present initially at therfase of the microspheres and rapid
penetration of dissolution media to the matrix cmee. However the formulation A3
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exhibited little higher burst effect, ratifying bet amount of drug release. After initial burst
effect, the subsequent release of drug was slow.

120 -

100

80

60

40

Cumulative release (%)

20

0 - 1
0 2 4 ] 8
Time (hr)
Fig 4. Cumulative % release of Ranolazine from warnicrospheres and Caroz8500 in the gastric and
intestinal environment against the time

Al (), A2 &), A3 (--A--), Ad (-x--), A5 (), Caroza’500(-u--).

Table 2: Formulations composition, experimented, yedicted values and percentage error

Formulation Response  Experimented Predicted Percentage
Composition variable value value error
0.8:3.0 rehr 3.99 4.04 -1.237

(Al) red e 91.08 90.65 0.477
50los 4.52 4.49 .6G68
0.9:3.0 rel, 3.94 3.92 510
(A2) rekn,  91.25 90.69 166
5d 9% 4.55 4.50 1.111
1.0: 3.0 rel, 3.84 3.82 0.523
( A3) relspy  93.99 93.94 0.053
5clos 4.59 4.56 0.658
1.0:3.1 rel, 3.83 3.78 1.322
( Ad) red e 88.48 88.25 @12
s5d % 5.08 5.06 0.395
1.0:3.2 rel, 3.75 3.73 0.536
(A5) reg ne 86.87 86.83 0.069
50t o 5.18 5.16 0.387

Values shown in the table mean percent of 3 batghes3). rel, ; Release in 1 hr, regl, ; Release in 8 hrs,
tso o ;Time to 50 % drug release. RN is Ranolazine,iB®Wées wax, A1= RN (0.8) : BW (3.0), A2 = RN (0.9)
BW (3.0), A3=RN (1.0) : BW (3.0 ), A4 =RN (2.8®W (3.1 ), A5 =RN (1.0) : BW (3.2)

The decreaseth vitro drug release from microspheres Al, A2, A4 & A5 vgsmver than
that of A3 microspheres. Rate of drug release |(@nhirs) tended to decrease with increase
with in the ratio of wax, which indicates the incolete drug release due to increased amount
of wax. This is an agreement with literature firgh{14]. Further increase in wax amount,
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thicker wax microspheres inhibiting dissolution n@egenetration more strongly, resulting in
significant reduction in the values of ggl indicating slower drug release. The drug release
was considerably retarded from wax microspheresnwt@mpared with formulation A6
(Caroza500). The values ofs¢ o, enhanced markedly from 4.52 to 5.16 hrs with furthe
increases in the wax ratio were observed. Thisiropdndicated considerable release
retarding potential of the used wax amount.

Table 2 lists the compositions of the formulatiomsir predicted and experimental values of
all the release response, and the percentage caiaulated by regression analysis method.
Figure 5 (A, B, C) shows linear correlation plottveeen the observed and predicted values.
Upon comparison of the responses with that of goatied responses, the % prediction error
varied between —1.237 to 1.322.The linear corm@tatilots drawn between the predicted and
observed responses demonstrated values 6f9%77 and 0.9923 excluding 0.9994(ot),
indicating excellent goodness of fit€0.05) [18].
A

a7

Prodicted release In | hr{%%
5§

B

- -]
i, a4

E !
- w2
- "
H) 50 ¥ =0.586x + 0.961
E = R =0.953
H L
? = g : . v 4

% &= a0 = o4 E:
Otrcrved icicwse i Bw%)
[

52 -
i 51 4
E 5
= 49
(=1
p 48
8 L, y = 1028 - 0166

R =095
£E -
3 45
5 a4 .
- 44 4B as 5 52 54
Osbrseywed tisne 10 S8°% icierse

Fig 5. Linear Correlation Plots (A, B, C ) betweerobserved and predicted Values.
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The rate of drug release followed first order kicetand numerical data fitted into Peppa’s
equation [19]. Statistically estimated values @trthe 95 % confidence limit, the values of n
are in the range of 0.41 to 0.45, indicated thatdhug release from all microspheres was
diffusion. In our study the results of n clearhdicated that the diffusion is the dominant
mechanism of drug release from these formulatibiféusion is related to transport of drug
from the microspheres into the vitro study fluid depending on the concentration of tlaxw
used. As gradient varies, drug is released andidtance for diffusion increases. This could
explain that the drug diffuses at a slower ratéhasdistance for diffusion increases. This is
an agreement with literature findings [18]. Thestfiorder release gave consistently higher
values for the correlation coefficient 0.927, 0.99®47, 0.998, 0.991, 0.997 for formulations
Al, A2, A3, A4, A5 and Caroz&00 tablet. The measured k value was differenafothe
microspheres in the range of 1.49 to 1.65. We foarsthall variation in the value of k. For
instance, k =1.65 for microspheres Al, while it wsamaller 1.49 for microspheres A5.
Intermediate values of k = 0.00153, 0.00154, 0.8042d 0.00161for microspheres A4, A2,
A3 and formulation Caroz&00 tablet were observed.

Formulation F3 was compared with a marketed pro@acoza500 tablet presented Table 3
and differential f;) and similarity ;) factor [20] was calculated from dissolution data.

Table 3. Differential and Similarity factors for formulations F3 and Caroza'500 tablet

Formulations Differential Factor Similarity Factor
(f1) (f2)
F3 9.07 71.17
Caroza500 tablet 6.80 62.49

The similarity factorf2 was a logarithmic transformation of the sum-sqdaesror of
differences between the experimental drug releaaadlthe ideal release fr over all time
points ‘n’. The similarity factor fit the result tveeen 50 and 100. It approached 0 as the
dissimilarity of the test and the reference profilereased, whereas, it attained 100 when the
test and the reference profile were identical. The profiles were believed to be similar
when thefl value of them was between 0 to 15 &hdalue of them was larger than 50 for
which the mean deviation over all time points ‘nasvless than 10% based on above
equation. The value for the differential factét € 3.45- 10.24) and similarity factof2(=
58.42- 80.29) suggested that the dissolution @roéif the prepared formulations and
marketed formulation are similar. A similar caldida was reported with literature findings.
The cumulative percent drug release after stabsiydies from Caroz&00 tablet and
formulation A3 were subjected for stability studfes 90 days. From the release studies, it
was observed that, there is no significant chamgéhé drug release at gastric pH from
microspheres. At the end of 8 & 4hr, drug releasenfformulation A3 and CaroZ&00
tablet 93.81% and 98.77 %, respectively. The cutivelgpercent drug release after stability
studies from the above products within the rangkthare was no significant change in e
vitro drug release was indicates the encapsulated drstglle form.

CONCLUSION

The drug release was found sufficient for oral\agly of drug. The used method was quite
easy, economical, and simple and does not implyofigexic organic solvents. The drug
release profiles were significantly affected by preperty of the waxy material used in the
preparation of microspheres. From the present wibrdan be concluded that the prepared
microspheres demonstrate the potential use of waxhe development of controlled drug
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delivery systems for water soluble or lipophilicugs, which allows absorption in the
intestinal tract.
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