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ABSTRACT

Exploration of Sintering concept in pharmaceutical science is relatively recent. In the present investigation,
controlled release (CR) matrix tablets of Losartan potassium were prepared by direct compression method using
natural polymer pullulan and then sintered by employing thermal sintering technique. Various batches of matrix
tablets of Losartan potassium were prepared with varying concentrations of polymer and then sintered thermally at
different time periods and temperatures and were evaluated for physicochemical parameters and in-vitro
dissolution studies. The sintering time and temperature markedly affects the characteristics of the tablets. From In-
vitro drug release profile, sintered formulations exhibited sustained drug release profiles with maximum sustaining
effect when compared with unsintered formulation in about 10 hrs. By using sintering technique, friability of
tablets was found to decrease and hardness was found to increase with increasing sintering time.

KEYWORDS: Losartan potassium, Sintering technique, pullulan, controlled release.

INTRODUCTION

In the recent years, there has been an increasing effort to
develop prolonged release dosage forms. The prolonged
release dosage forms have many advantages in safety
and efficacy over immediate release products in that
frequency of dosing can be reduced, drug efficacy can be
prolonged and the incidence of adverse effects can be
decreased. These formulations make the drug available
over extended time period after oral administration. The
extended release product will optimize therapeutic effect
and safety of a drug at the same time improves patient
convenience and compliance, by incorporating the dose
in a unit dosage form from which the drug is slowly
released for 24 hr.[*

Sintering technique is relatively recent technigue in the
pharmaceutical sciences. Sintering is defined as the
bonding of adjacent particle surfaces in a mass of
powder, or in a compact, by the application of heat. The
term sintering means fusion of particles or formation of
welded bonds between particles of polymer. The
sintering process has been used for the production of
sustained release matrix tablets for the stabilization and
retardation of the drug release from dosage form. The
concept of sintering was applied in the investigation of
the effect of heating on the mechanical properties of the
pharmaceutical powders. The formation of solid bonds
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within powder bed during tablet compression was also
studied in terms of sintering. The changes in the hardness
and disintegration time of tablets stored at elevated
temperatures were described as result of sintering.[*> *

Losartan potassium is a potent, highly specific
Angiotensin 1l type 1 (AT1) receptor antagonist with
antihypertensive activity. It is readily absorbed from the
gastrointestinal tract with oral bioavailability of about
33% and a plasma elimination half-life ranging from 1.5
to 2.5 hr. Administration of losartan potassium in a
sustained release dosage form would be more desirable
for antihypertensive effects by maintaining the plasma
concentrations of the drug well above the therapeutic
concentration. -]

The aim of this study is to investigate the effect of
sintering on release characteristics of matrix tablet
prepared by using natural polymer pulullan as release
retardant. Pullulan is a neutral polysaccharide obtained
from Aureobasidium pullulans. It has excellent
bioadhesion and film forming properties. Its principle
advantages includes it is biodegradable, blood
compatible, freely soluble in water, thermo stable, non-
toxic, non-immunogenic, and non-carcinogenic. Thermal
stability and elastic property allow it to be used in many
different ways.[*>4°!
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MATERIAL AND METHODS

Materials

Losartan potassium was received as a gift sample from
Sunij Pharmaceuticals Hyderabad. Pullulan (Gangawal
Chemicals, Mumbai) was used as procured. Pullulan was
procured from Gangaval chemicals, Mumbai,Spray dried
lactose was obtained from Okasa Pharma, Satara,
India.Talc and magnesium stearate were purchased from
LobaChemiePvt. Ltd.,, Mumbai, India. All other
ingredients used throughout thestudy were of analytical
grade and were used as procured.

Methods

FTIR spectrum of losartan potassium

The IR spectrum of losartan potassium was recorded
using Fourier transforminfrared spectroscopy [ATR-
FTIR] to check its purity. The spectrumwas recorded
over the wave number of 4000 to 400 cm-1.1 34

Differential scanningcalorimetry [DSC] of losartan
potassium

DSC study was carried by using Mettler-Toledo DSC
821e instrument[Switzerland]. About 2 mg of the
losartan potassium was sealed in thealuminum pan and
heated at the rate of 10 °C/min, covering at temperature
range of 30 °C to 200 °C under a nitrogen atmosphere, at
flow rate of 40 ml/min.

Table 1: Formula for sintered controlled release tablets.
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Drug—polymer compatibility study

FTIR study

FTIR spectra of, pullulan and physicalmixtures of
losartan potassium with polymer were recorded to study
theinteraction between them. The spectra were recorded
over the wavenumber of 4000 to 400 cm-1[19, 20].

DSC study

In order to assess the compatibility of losartan potassium
with a polymer,thermogram of pure losartan potassium,
pullulanpolymers and formulations were recorded using
Mettler-Toledo DSC821e instrument [Switzerland].
About 5 mg of the physical mixturewas sealed in the
aluminum pan and heated at the rate of 10°C/min,
covering a temperature range of 30 °C to 200 °C under
anitrogen atmosphere, at a flow rate of 40 ml/min.**!

Preparation of controlled release matrix tablet:
Controlled release matrix tablets of losartan potassium
were prepared by direct compression method using
varying concentrations of Pullulan. The entire excipients
without talc were blended uniformly. After sufficient
mixing of drug with other excipients, talc was added and
further mixed for 5 minutes. The prepared powder mass
was compressed with 11 mm punch on multitooling
compression machine (Rimek Il Karnavati Eng. Ltd.
Ahmedabad) to give tablet of 300mg weight.

Sintering of matrix tablet:Prepared matrix tablets were
then subjected to thermal treatment by putting them onan
aluminium foil and subjected to sinteringatdifferent
temperatures i. e. 60° and 70° C for differentdurations
3hrs. and 6 hrs. in a hot air oven.!* 2

Ingredients F1 F2 F3 | F4 | F5 F6 F7 | F8 F9 | F10 | F11 | F12 | F13 | F14 | F15
Losartan potassium 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Pullulan 80 | 100 | 120 | 80 | 100 | 120 | 80 | 100 | 120 | 80 | 100 | 120 | 80 | 100 | 120
Spray dried lactose 100 | 80 60 | 100 | 80 60 | 100 | 80 60 | 100 | 80 60 | 100 | 80 60
Magnesium stearate 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Talc 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Total 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300

Note: All quantities are given in mg, formula for one tablet is shown in table.

F1 — F3 = Unsintered.
F4 - F6 = Sintered at 60° ¢ for 3 hrs. ,
F10 — F12 = Sintered at 70° ¢ for 3 hrs. ,

Evaluation of various batches of formulated tablets
The formulated tablets were evaluated for different
parameters like thickness, hardness, friability, drug
content and in vitro dissolution studies.

1. Hardness and thickness

The hardness [kg/cm2] of the prepared formulations was
determined by using a Monsanto hardness tester and
thickness was measured by micrometre screw gauge
[mm] [n = 3].5%
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F7 — F9 = Sintered at 60° ¢ for 6 hrs.
F13 — F15 = Sintered at 70° ¢ for 6 hrs.

2. Friability

Test for tablet friability was carried out according to I.P
2007, according to which friability below 1% passes the
test. Tablets from each formulation were tested for
friability using Roche Friabilator (Rolex Scientific
Engineers Limited). Twenty tablets were weighed
initially and transferred to the friabilator. The instrument
was operated at 25 rpm for 4 minutes. The tablets were
reweighed and percentage loss was calculated.3*4

3. Weight variation test:The weight of tablet is

measured to ensure that a tablet contains the proper
amount of drug. Weight variation test was performed as
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per IP 2007. Twenty tablets were selected randomly and
weighed. Average weight of the tablet was determined.
Not more than 2 tablets should deviate from the average
weight of tablets and the maximum percentage of
deviation allowed.[n=20]%

Table no 2: IP standards for uniformity of weight.

Eg_ Average weight of tablet Pjg\f?é?ttigge
1 80 mg or less 10

2 80 mg to 250 mg 7.5

3 250 or more than 250 mg 5

4. Drug content uniformity: The drug content
uniformity of Losartan potassium controlled release
tablets was determined. Ten tablets were taken in morter
and trituted with the help of pestle. A quantity equivalent
to 10 mg was taken in 100 ml (100 pg/ml) volumetric
flask and to it 100 ml PBS pH 6.8 was added. From this
stock solution 1 ml aliquote was taken and was diluted to
10 ml with PBS pH 6.8 (10 pg/ml). Finally the
absorbance of prepared solution was measured against
blank (PBS pH 6.8) at 236 nm using UV visible
spectrophotometer. ! 3334

5. In-vitro release study

In-vitro drug release was studied, using USP I
apparatus, with 900 ml of dissolution medium
maintained at 37£1°C for 10hr., and at 50 rpm. 0.1 N
HCI(pH 1.2) was used as a dissolution medium for the
first 2 hrs.followed by pH 6.8 phosphate buffers for
further 8 hrs. 0.5 ml of sample was withdrawn at
predetermined time intervals, and was replaced by an
equal volume of fresh dissolution medium of same pH.
Collected samples were analyzed after appropriate
dilution by using double beam UV spectrophotometer at
234 nm for 0.1 N HC1 and 236 nm forpH 6.8 phosphate
buffer, and cumulative percent drug release was
calculated. The study was performed in triplicate.** 4

6. Kinetics of in vitro drug release

To study the release kinetics of in vitro drug release, data
was treated with different kinetic equations such as Zero
order (equation 1), First order (equation 2), Hixon-
Crowel (equation 3), Higuchi (equation 4) and
Korsmeyer-Peppas (equation 5).

e  Zero order kinetics
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W o= Kt )
e  First order Kinetics
In (100-W) =1In 100 — Kyt...ooviiiiiiinnn, 2)

e Hixon-Crowel’s Cube- Root Equation (Erosion
Model)

(100-W) 2 =100"% = Kat......ooeee (3)

e Higuchi’s Square Root of Time Equation (Diffusion
Model)

W= Kt 4)

e KorsmeyerPeppas Equation (Diffusion/Relation
Model)

M/ M= Kst %)

Where, W is % drug release at time t and K1-K4 are
release rate constants, depending on the kinetic model
used. Mt/M is the fractional drug release into the
dissolution medium and K5 is a constant incorporating
the structural and geometric characteristics of the tablet.
The term n is the diffusional constant that characterizes
the drug release transport mechanism. When n = 0.5,
then the drug release mechanism is Fickian diffusion. If
n<0.5 the mechanism is quasi-Fickian diffusion, and
0.5<n<1.0, then it is non-Fickian or anomalous diffusion
and when n = 1.0 mechanism is non Fickian case Il
diffusion or zero order release kinetics could be
observed." %I

7. Stability studies

Optimized formulation was sealed in aluminum
packaging coated internally with polyethene, and kept
instability chamber maintained at a temperature of 45
°C=}2 °C and relative humidity75%3}5% for 3 mo.
Samples were withdrawn at 0, 30, 60 and 90d and
evaluated for the hardness, drug content and in-vitro
dissolution test.*

RESULTS AND DISCUSSION

FTIR study

The IR spectra of drug exhibited distinctive peaks at
757.27 (cm™ due to C-X (Chloride) Stretch. The drug
exhibited distinctive peaks at 995.69 and 927.94 (cm™)
due to C-H in plane and out plane bending. The peaks at
1253.81 (cm™) due to C-N Stretching, peak at 1352.15
(cm™) due to C=0 stretching, at 1675.49 (cm™) due to
C=C stretching and at 3429.93 (cm™) due to O-H
stretching.
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Satara College of Pharmacy, Satara

T/8/2016 514 45 PM

Transmiance [
00 & 60 & W 0w w

namsatd]

Fig.1: FTIR spectrum of Losartan potassium.
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DSC study
The DSC thermogram of the drug depicted an
endothermic peak 274.85°C. Such an endothermic peak
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was also reported for standard drug material ((Aswartha
U. et al., 2012). This indicated that Losartan potassium
drug was in pure form.
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Fig. 2: DSC thermogram of Losartan potassium.

Drug-polymer compatibility study

FTIR study

The IR spectra of pure drug and formulation were found
similar with each other. The main absorption bands of
drug appeared in the formulation spectra in the region of
O-H stretching band is located at 3417.27 (cm™ %). The
C=C, C-N, C-O stretching bands are located at
1644.56, 1254.44, 1349.37 (cm™ ). The peaks due to C-
H and C-X stretch were found to be located at

995.37cm’ 1,933.89cm * 757.27cm™ respectively. It was
proved that the peaks found in pure drug and
formulation is similar. Thus incorporation of drug in
polymer did not change the position of its functional
groups. This indicated that there was no difference
between the internal structures and conformation of
these samples at the molecular level. Hence FTIR
study ruled out any possible interaction between drug
and polymer.
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Fig 3: FTIR spectrum of A) Losartan potassium B) Pullulan C) Formulation with Pullulan.
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Table no.3: Characteristic peaks of FTIR spectrum of Losartan potassium and formulation with pullulan.

Observed wave number (cm ™) .
Sr. no. Standard wave Losartan Losartan potassium Funcyonal groups
Number (cm™) . P associated

potassium + pullulan
1 3400-3200 3429.93 3417.27 O-H Stretch
2 1680-1600 1675.49 1644.56 C=C Stretch
3 1350-1000 1253.81 1254.44 C-N Stretch
4 1300-1000 1352.15 1349.37 C-O Stretch

995.69 995.57 C-H Stretch (aromatic)
> 900-690 927.94 933.89 C — H stretch (aliphatic)
6 785-540 757.27 757.48 C-X Stretch
DSC study shifting in the endothermic peaks of drug so it indicated

Pure drug exhibited an endothermic peak at 274.85°C. In
DSC thermogram of formulation, it showed endothermic
peak at 269.32°C, hence there was no any significant
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that there was no any interaction between drug and
formulation mixture.
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Fig. 4. DSC Thermogram of A) Losartan potassium B) Pullulan C) formulation containing Pullulan

EVALUATION OF TABLETS

1. Tablet dimensions

The thickness and diameter of tablets were found to be
almost uniform in all formulations F1 to F15.Thickness
of tablets ranged from 2.14+0.11 to 2.29+0.02mm and
diameter of all the tablets was found to
be11.056+0.0321mm. None of the formulations F1 to
F15 showed a deviation. Hence, it is concluded that all
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formulations has uniform flow properties, uniform
density, compression pressure applied was uniform and
drug particles have uniform size and shape.

2. Hardness

Hardness of tablets from all batches was found to be in
the range 0f4.133 +0.071kg/cm? to 5.921+0.276 kg/cm?.
All tablets were found hard enough so that they could
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easily withstand the storage conditions without
getting themselves broken. A high compressibility is
required to obtain sufficient strength of the final tablets.
Sintering time and temperature affects on hardness of the
temperature. It was observed that as the sintering time
and temperature went on increasing, hardness also
increased.

3. Friability

All the tablets exhibited acceptable friability as none of
the tested batches showed percentage friability that
exceeded 1%. As per IP, % friability below 1% is an
indication of good mechanical resistance of the tablets.
Thus it was proved that tablets could withstand the
pressure, mechanical shocks during handling,
transportation, storage and manufacturing processes. %
friability of tablets was found to be decreased with
increase in sintering time as wellas sintering temperature.

Table 4: Evaluation parameters of tablets.
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4. Weight variation test

After performing weight variation test it was found
that all tablets were within the range of Pharmacopoeial
Specifications and none of the tablets deviated from the
stated specification. Hence it revealed that the all
formulations passed weight variation test according to
IP.

6. Drug content

The drug content for all the formulation batches (F1 to
F15) were carried out as per the standard protocol and
the results are shown in the table no.4. Drug content of
all the formulation batches was found to be between
95.7+0.002 to 99.69+0.004. Hence, it can be concluded
that all the formulations are having uniform distribution
of drug in powder mass and following acceptable limits
as per IP specification i.e.85 to 115 % of average
content.

Batches Thickness Diameter Hardnezss Friability Aver\é\ée\:\?ef:;;]/?rlatlon Drug content
(mm) (mm) (kg/cm?) (%) (mg) Inference (%)
F1 2.15+0.09 11.056+0.21 | 4.255+0.05 0.79 303.5 Passes 99.23+0.003
F2 2.18+0.07 11.056+0.21 | 4.133+0.071 0.78 302.6 Passes 98.27+0.004
F3 2.14+0.11 11.056+0.21 | 4.355+0.076 0.79 304.2 Passes 97.63+0.002
F4 2.19+0.14 11.056+0.21 | 4.535+0.057 0.72 306.1 Passes 98.23+0.001
F5 2.25+0.13 11.056+0.21 | 4.733+0.219 0.70 299.59 Passes 97.53+0.003
F6 2.16+0.04 11.056+0.21 | 4.626+0.173 0.71 303.4 Passes 98.66+0.002
F7 2.28+0.02 11.056+0.21 | 4.622+0.210 0.64 305.6 Passes 99.31+0.002
F8 2.19+0.07 11.056+0.21 | 5.012+0.321 0.63 299.7 Passes 97.73+0.003
F9 2.29+0.02 11.056+0.21 | 5.220+0.242 0.61 302.3 Passes 96.29+0.001
F10 2.28+0.24 11.056+0.21 | 5.312+0.156 0.56 301.6 Passes 98.43+0.004
F11 2.27+0.017 | 11.056+0.21 | 5.502+0.209 0.54 303.5 Passes 99.20+0.002
F12 2.13+0.018 | 11.056+0.21 | 5.732+0.341 0.53 302.6 Passes 97.17+0.005
F13 2.19+0.09 11.056+0.21 | 5.819+0.239 0.46 304.2 Passes 99.38+0.003
F14 2.22+#0.012 | 11.056+0.21 | 5.921+0.276 0.44 306.1 Passes 98.23+0.002
F15 2.20£0.032 | 11.056+0.21 | 5.917+0.173 0.43 299.59 Passes 97.40+0.001

*mean + SD [n = 3]

7. Invitro drug release

The results of in—vitro dissolution study given in table 5
and 6 and , itwas observed that an increase in polymer
concentration causes decrease inrelease rate.

Pullulan has powerful retardant property resulting in a
matrixformation which is required for sustained release
formulations.  Formulation F4 was considered
asoptimized formulation as it showed highest cumulative
% drug release i.e. 91.84%.

Un-sintered formulations were compared with sintered
formulations. The dissolution profiles of the unsintered
and sintered matrix tablets at 60° C and 70° C at different
time durations are presented in fig. 5, 6, and 7.

In—vitro  dissolution study data shows, sintered

formulations F4, Fs, Fg, F7, Fs, Fo, Fio, F11, F12, Fi3, Fis
and Fis exhibited sustained drug release profiles with
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maximum sustaining effect as compared with unsintered
formulations Fy, F,, and F, in about 10 hours.

From the Figures 5, 6 and 7 it is cleared that the increase
in sintering time and sintering temperature causes the
decrease in the cumulative percentage of drug release.
Hence it can be concluded that sintering temperature and
duration markedly affected the drug release properties of
the matrix tablets.
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Table no. 5: % cumulative of drug release of F1 —F9.

TIME %CDR
(Hr.) F1 F2 F3 F4 F5 F6 F7 F8
0 0 0 0 0 0 0 0 0
1 20.12 +0.39 9.3+0.6 14.72+0.87 | 20.18+0.54 | 10.86 +0.65 | 9.38+0.72 | 12.68 + 0.45 14.2+ 0.62
2 23.1+0.79 | 1846+1.06 | 20.40+£0.58 | 26.82+1.41 | 13.28+0.33 | 10.58+0.4 | 17.86 £0.81 189+1.2
3 33.8+0.36 | 27.64+0.66 | 32.6+1.38 35.44 + 0.6 20.7+0.63 | 16.80+0.84 | 22.46+0.72 | 27.58 £ 1.59
4 42.68+0.8 | 36.2+0.96 | 40.86+0.69 | 47.24+143 | 25.88+0.5 | 27.32+0.39 28.1+0.8 34.42 + 0.7
5 50.12+136 | 48.2+1.98 | 49.12+153 | 55.24+0.74 | 329+0.92 | 31.86+0.48 | 38.72+0.91 | 38.64+0.78
6 59.24+0.28 | 53.8+3.07 | 53.28+1.71 | 69.14+1.39 | 37.12+1.11 | 359+1.81 43.2 £ 0.66 46.34 + 0.8
7 68.19+ 1.13 | 59.06 +£0.18 | 64.72+0.62 | 73.82+1.11 | 485+1.37 | 48.12+0.85 | 48.72+0.18 | 52.52 + 1.23
8 86.18+0.15 | 66.6+0.61 | 69.74+137 | 78.18+1.24 | 62.44+1.56 | 57.52+1.01 | 53.92+1.11 | 58.06 + 0.91
9 93.46 + 0.23 74341 76.52+101 | 86.76+1.59 | 70.68+0.73 | 70.86+15 | 66.12+1.47 | 67.04 +0.73
10 98.8+0.9 89.16 +252 | 81.52+1.17 | 91.84+0.71 | 82.62+1.74 | 77.5+1.15 | 8226+0.63 | 76.5+1.02
Table no. 6 % cumulative of drug release of F9 —F15.
TIME %CDR
(Hr.) F9 F10 F11 F12 F13 F14 F15
0 0 0 0 0 0 0 0
1 10.7+£0.9 13.12+0.9 9.82+0.9 9.56+0.9 13.46+0.9 10.66 £ 0.9 8.64+0.9
2 13.94£0.9 17.52+0.9 14.66 £0.9 13.04 £0.9 17.02+0.9 125+0.9 11.3+£0.9
3 22.56 £ 0.9 23.5+£0.9 19.44£0.9 19.72+£0.9 23.56+£0.9 249+0.9 20.3+£0.9
4 26.12+0.9 32.38+0.9 28.04+0.9 24.38+ 0.9 32.38+0.9 28.26+ 0.9 26.06+ 0.9
5 34+£0.9 40.4+0.9 34.4+ 0.9 27.5+£0.9 37.5+£0.9 35.1+0.9 32.8+0.9
6 39.04+0.9 46.48 £ 0.9 43.12+ 0.9 37.02+0.9 44.22 +0.9 35.72+0.9 32.46+ 0.9
7 43.54+0.9 575+£0.9 46.2+0.9 40.1+£0.9 50.64 + 0.9 4198+ 0.9 38+0.9
8 50.94+0.9 63.6 + 0.88 56.4+0.19 43.42 + 0.46 57.74 £0.25 47.38 + 0.45 44.16+0.24
9 67.1+0.9 71.76+£ 0.9 60.88+ 0.9 53.16 +0.9 66.64 £ 0.9 52.46 £ 0.9 50.74+0.9
10 72.58 £ 0.9 78.18 + 0.9 72.62+0.9 66.86 + 0.9 75.58 £ 0.9 68.26 + 0.9 64.12+0.9
*mean + SD [n = 3]
120
100
¥ 20 F1-Un-sintered
8 60 F4-Sintered, 60,3hrs.
£ 40 F7-Sintered, 60,6hrs.
23 F10-Sintered,70,3hrs.
0 2 4 6 2 10 12  =—#—F13-Sintered, 70,6hrs.
Time (hr.)
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Fig 5: Comparison of in vitro drug release profile of sintered and un-sintered matrix tablet formulations of 80
mg Pulullan.

100

20 .

% . F2-Un-sintered

] F5-sintered, 60,3hrs.
40

® F8-Sintered, 60,6hrs.
20

F11-Sintered, 70,3hrs.
0
0 2 4 6 8

Time (hr.)

17 —— F14-Sintered, 70,6hrs.

Fig. 6: Comparison of in vitro drug release profile of sintered and un-sintered matrix tablet formulations of 100
mg Pulullan.
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—4—F3-Un-sintered
F6-Sintered, 60,3hrs.
F9-Sintered, 60,6hrs.
F12-Sintered, 70,3hrs.

10 12 —#—F15-Sintered, 70,6hrs.

Fig. 7: Comparison of in vitro drug release profile of sintered and un-sintered matrix tablet formulations of 120

mg Pulullan.

Kinetics of in vitro drug release

In Table no.7, the kinetic parameters of release of
losartan potassium from the matrix tablets are presented.
As clearly indicated from Table no.7, the formulations
did not follow first-order release patterns. The in vitro
release profiles of drug from all the formulations could
be best expressed by Higuchi and zero order release

Table 7: Study of various Kinetic models.

kinetics. The term ‘n’ is the diffusional constant that
characterizes the drug release transport mechanism.
Optimized batch F4 showed non-fickian or diffusion
(0.5< n <1.0) i.e. drug transport mechanism associated
with diffusion controlled release in which polymer swell
in water or biological fluids.

Zero order | First order Higuchi Hixson-Crowell | Korsemeyer-peppas | Best fit
Batch v i Vi v v
r r r r r n model

F1 0.967 0.838 0.951 0.976 0951 0.869 Higuchi
F2 0.960 0.813 0.977 0.872 0.954 0.973 Higuchi
F3 0.931 0.775 0.971 0.833 0.938 0.914 Higuchi
F4 0.924 0.786 0.970 0.837 0.944 0.841 Higuchi
F5 0.983 0.887 0.952 0.943 0.962 1.041 Zero-order
F6 0.985 0.883 0.955 0.941 0.956 1.115 Zero-order
F7 0.971 0.851 0.967 0.908 0.967 0.932 Zero-order
F8 0.995 0.812 0.974 0.870 0.949 0.883 Higuchi
F9 0.971 0.845 0.962 0.907 0.956 0.936 Zero-order
F10 0.976 0.842 0.987 0.899 0.966 0.953 Higuchi
F11 0.977 0.830 0.986 0.896 0.974 1.018 Higuchi
F12 0.965 0.838 0.959 0.899 0.957 0.975 Zero-order
F13 0.971 0.836 0.980 0.894 0.957 0.912 Higuchi
F14 0.937 0.789 0.951 0.851 0.921 0.944 Higuchi
F15 0.951 0.801 0.959 0.866 0.939 1.012 Higuchi

Stability studies

Short-term stability studies of the optimized formulation
indicated that there were no significant changes in
physical parameters, drug content and in-vitro
dissolution studies at the end of three months period.

Table 8: Stability study data of formulation F4

Similarity factor f2 was calculated to know similarity of
dissolution profiles of optimized formulation F4 before
and after stability study. The value was found to be
88.54, which indicates that dissolution profiles of
optimized formulation before and after stability study
was similar. Drug release profile of formulation F4
before and after stability study is as shown in figure no.8.

Parameters 0 Month 1 Month 2 Months 3 Months
Weight Variation(mg) 306.10 306.10 306.10 306.10
Hardness(Kg/cm?) 45+0.05 | 4.5+0.02 4.6+ 0.6 4.6+ 0.03
Drug content (%) 98.23 98.18 97.51 97.12

*mean = SD [n = 3]
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Table no. 9: Results of dissolution study of optimized formulation.

Time Cumulative % drug release
(Hrs.) 0 Month 1 Month 2 Months 3 Months
0 0 0 0 0
1 20.12 20.80 19.56 20.18
2 23.96 25.32 26.09 24.98
3 33.8 34.87 35.49 35.72
4 42.68 49.63 48.17 49.23
5 50.12 55.48 54.37 53.40
6 59.24 67.82 69.15 67.94
7 68.90 74.36 73.48 72.49
8 86.18 76.20 74.89 76.30
9 93.46 85.70 83.90 86.74
10 98.80 90.18 92.57 91.26
Cumulative % drug release 0
120 months
100 o
~ 30 Cumulative % drug release 1
a months
U 60
£ 40 Cumulative % drug release 2
20 months
0 Cumulative % drug release 3
0 ’ Time6(hr.) to = months
Fig. 8: Dissolution profile of optimized formulation before and after stability study.
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