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Abstract

The aim of the present study was to evaluate fgdrdphobic polymers as a rate retarding
agent. Eudragit L-100, kollidon-SR, ethyl Cellulased Veegum were used as Hydrophobic
polymers. The polymers and excipients were blended tablets were prepared using
hydraulic press tablet machine. It was found thattablets which were blended with ethyl
cellulose and veegum, failed to provide releasardetion. But the tablets in which Eudragit
L-100 and Kollidon-SR were present, provided bettdease retardation. The USP paddle
method was selected to perform the dissolution testied out in 750 ml 0.1 HCI for first
two hours and 1000 ml Phosphate buffer of pH 6r8&io hours. It should be noted that the
release of the drug was very low in the acidic mediThat’s why, the dissolution data in the
buffer stage (the very small amount of drug thas wedeased in the acid stage included in the
lhour of the buffer stage) were only considered tloe treating the data in various
pharmacokinetic models. So, the original MDT vadfieach formulation would be the MDT
value indicated (in bar diagram) plus 2 hours. #swound that, the MDT values of the
formulations with the higher Eudragit L-100 contevere the higher compared to the MDT
values of the formulations with the higher Kollid&®R content.

Keywords: Matrix tablets, eudragit, ethyl cellulose, veegtwilidon SR.

Introduction

The oral route is the route most often used foriathtnation of drugs. Tablets are the most
popular oral formulations available in the marked @re preferred by patients and physicians
alike. In long-term therapy for the treatment ofrartic disease conditions, conventional
formulations are required to be administered intiplgl doses and therefore have several
disadvantages [1]. Controlled release (CR) taldentilations are preferred for such therapy
because they offer better patient compliance, rmmininiform drug levels, reduce dose and
side effects, and increase the safety margin fyin-potency drugs [2].

In the last two decades, sustained-release dosages fhave made significant progress in
terms of clinical efficacy and patient complian&. [Preparation of drug-embedded matrix
tablet that involves the direct compression ofentilof drug, retardant material and additives
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is one of the least complicated approaches foweletig drug in a temporal pattern into the
systemic circulation. The matrix system is commouobked for manufacturing sustained
release dosage forms because it makes such mamiigotasy [4]. Plastic matrix systems,
due to their chemical inertness and drug embeddinifity, have been widely used for
sustaining the release of drug. Liquid penetratia the matrix is the rate-limiting step in
such systems unless channeling agents are usedhy@r@phobic and waxy materials, on the
other hand, are potentially erodable and cont®kéhease of drug through pore diffusion and
erosion [5]. An example of such water-insolublesplacarrier is Eudragit, which is a group
commercially available in anionic, cationic, anditzigrionic forms [6]. Eudragit L 100-55 is
an anionic co-polymer of methacrylic acid and metmethacrylate. The ratio of free
carboxyl group to the ester is approximately 1tlhds a pH-dependent solubility and is
readily soluble in neutral to weakly alkaline cdiatis and forms salts with alkalis [7]his
polymer is commonly used in tablet coating as aterencoating polymer [8] Also, there
have been some reports demonstrating that Eudcd@i®-55 can be used as a sustained
release carrier. Erosion is the main mechanisneleiase of drug dispersed in the polymer
[9]. In addition, Eudragit L100-55 has been used aslandargeted drug delivery system
[10] and to improve site-specific intestinal drug absorp[11]. Kollidon SR is one of the
recently developed matrix forming agents with ptabehavior. Chemically, Kollidon SR is
polyvinyl acetate and polyvinyl pyrrolidone basedtnx retarding agent particularly suitable
for the manufacture of pH independent sustaineshesel matrix tablets. Polyvinyl acetate is a
very plastic material that produces a coherent raasa under low compression force. When
the tablets prepared with Kollidon SR are introdlizeo gastric or intestinal fluid, the water
soluble polyvinyl pyrrolidone is leached out to rforpores through which the active
ingredients slowly diffuses outwards in a contrélend pre-determined fashion. Kollidon SR
contains no ionic groups which render them inertht® drug molecule. Its high flowability,
low reposition angle and excellent compressibitityaracteristics endow the tablets with
desired hardness and low friability while simultansgly reducing the process variables and
processing cost [12]The present study was conducted to find out whether four
hydrophobic polymers can be used as a rate retpadjant.

Results and Discussion

To evaluate the flow properties of the ingrediarged in those formulations (without adding
glident), the bulk density, tapped density, Ca@empressibility Index, Hausner ratio and
angle of repose were determined. All the formaladishowed Carr's Compressibility Index
from 20.737 to 24.885%, Hausner Ratio from 1.262.881 and angle of repose in between
30.24 to 33.88(Table 2). If the Cl (%) is 18 to 21%, it indicaté®e flow of the powder is
poor to passable, whereas values between 23 tarithéaite poor flow. Similarly, 1.25 to 1.5
indicates the flow of powder may be improved ugitigent. Angle of repose 30 to 34nean
that the flow of powder is poor [13]. From all bietthree parameters it can be concluded that
the flow property of the powder mix of all formulats were poor to passable. To improve
the flow property, glidents (talc and magnesiunaistee) were added. Matrix tablets were
prepared by using formula given in Table 1. Theppred tablets were evaluated for some
physical parameters which were stated above. Thdtseare given in Table 3.

226



Tasnuva Haqueetal

Der Pharma Chemica; 2009, 1 (1): 225-237

Table 2: Flow properties of different formulations of DS loaded hydrophobic polymer
based matrix tablets

onua | Densiy | Densny | Compresshiity | Hasner | Rl

(gm/cm) (gm/cm’) (Degree)
F-1 0.536 0.713 24.885 1.331 33.57
F-2 0.556 0.740 24.904 1.332 33.86
F-3 0.562 0.748 24.816 1.330 33.49
F-4 0.530 0.668 20.737 1.262 30.24
F-5 0.565 0.737 23.376 1.305 32.54
F-6 0.588 0.779 24.550 1.325 33.12
F-7 0.498 0.640 22.203 1.285 32.89
F-8 0.484 0.620 21.913 1.281 31.24

Table 3: Physical parameters of DS loaded hydrophab polymer based matrix tablets

Formula A\(/%QY\)/t' Digr\T/]ge.ter Th'ii\I/(?].ess Friz)?oi)lity Ha(r;(jg)e 53
(mm.) (mm.)

F-1 399.56 12.96 241 0.56 8.80
F-2 399.12 12.98 2.93 0.88 10.70
F-3 400.06 12.88 2.47 0.22 4.40
F-4 399.47 12.87 2.70 0.25 4.9
F-5 399.25 12.89 2.22 0.26 7.00
F-6 399.58 12.92 2.10 0.39 7.00
F-7 399.26 12.86 2.62 0.47 8.40
F-8 399.56 12.86 2.65 0.49 9.10
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The average weight of the prepared tablets weneddetween 39912 to 400.06 mg, average
diameter were 12.86 to 12.96 mm, average thickwess 2.10 to 2.93 mm, average friability
were 0.22 to 0.88% and hardness were 4.40 to Kg.7Brom the results it was evident that,
the variation of average weight, diameter and tiésds were minimal. The results of
hardness of tablets might be described to the rbiteling property of the polymer. The
friability values were less than 1%. The Europeath @S Pharmacopoeia state that a loss up
to 1% is acceptable [15]. It was indicated that thklet surfaces are strong enough to
withstand mechanical shock and attrition duringasje and transportation and until they are
consumed [25]The relationship of the axial and radial tensitersgth of all the formulations
waspresented in Figure 1.
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Figure 1: Relationship between axial and radial tesile strength of DS loaded
hydrophobic polymer based matrix tablets.
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Figure 2: Comparison of release profiles of F-1, B; F-5 and F-7
(containing 9 hydrophobic polymers)

After in vitro dissolution studies, the cumulatipercent release versus time curve of 40%
hydrophobic polymer based matrix tablets were showRigure 2 and that of 60% polymer
containing shown in Figure 3. It should be noteat the release of the drug was very low in
the acidic medium. That's why, the dissolution datathe buffer stage (the very small
amount of drug that was released in the acid stagaded in the 1hr. of the buffer stage)
were only considered for the treating the dataanous pharmacokinetic models. From those
figures it was observed that, F-3, F-5, F-4 and$h@ved about 100% release of DS within 3
hours. F-3 and F-4 contained 40 and 60%ethyl @e&ilrespectively and F-4 and F-5
contained 40 and 60% veegum. So, here it can beluded that the ethylcellulose and
veegum have not any sustaining action at 40 and &8¢entration level. Eudragit L100 and
Kollidon SR based matrix tablets (both 40 and 6@%centration level) showed sustaining
action up to 6 hours.
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Figure 3: Comparison of release profiles of F-2, B, F-6 and F-8
(containing 60% hydrophobic polymers)

From the output of one way repeated measures AN@N@ post hoc test for release pattern
of DS from F-1 to F-8, the within subject effecosled calculated F is greater than 1 for all
methods (p value = 0.000). So, time is highly digant at any reasonable level of
significance. Thus it can be concluded that thegmrrelease on time differed significantly.
The multiple comparisons (Bonferroni and Dunnet®rev also carried out. The paired
comparison of the eight groups with the controlugraggive p value = 0.001, whereas the
comparison between F-1 to F-7 gives p value =rh€rning the release profile between F-1
and F-7 measured at different time points are weugh similar to that of the control group.
Finally it can be stated that there was signifiddifference (except F-1 and F-7) between the
release patterns of DS from matrix tablets (p< 0.0Bonferroni test also provides no
difference between F-1 and F-8. The dissolutiora detre treated to zero order, first order,
Higuchi and Korsmeyer release pattern. The kineiestants (k ky and k), the regression
coefficients (K) and release exponent (n) were presented in #ablErom Table 4, it was
evident that, F-1, F-2, F-7 and F-8 were bestditt four different release models. F-1 and
F-7 were fitted to Higuchi model (R= 0.995 and 0.985 respectively), indicating tHease

of drug from the matrix was occurred mainly throymgire formation followed by dissolution
of the surface drug. F-2 fitted to Korsmeyer ma@él= 0.992) with n value of 0.618, meant
that the release of DS from the matrix was govelmed diffusion-erosion coupled process.
F-8 was fitted to zero order model witRi Ralue of 0.975. As F-8 sustained up to 6 hours and
it was fitted to zero order model, it was takentlaes reference standard to determine the
similarity factor of the release profiles of thehet formulations. Among the other
formulations only F-2 had fa value of 56.829 which was greater than 50, indigathat F-2

is more similar to F-8. F-1 and F-7 were nearlyikinto F-8.
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Table 4: Kinetic constants, Regression coefficient§R?), release exponents (n) and
similarity factor ( f,) of different formulations of DS loaded hydrophobt polymer based
matrix tablets

Formula | Zero-order Higucchi First-order Korsmeyer f2
R Ko R Kn R* | Ki R n

F-1 0.802| 11.694| 0.995| 24.827 | 0.965 0.146| 0.989 0.481 | 45.303

F-2 0.888| 7.606| 0.987 16.01p 0.968.083| 0.992 | 0.618 | 56.829

F-3 0.718| 59.132 0.924| 79.177| 0.932 2.434| 1.000 0.030 | 11.949

F-4 0.660| 39.408 0.939 46.73 0.975|1.260| 0.994 0.196 | 11.9643

F-5 0.720| 59.286 0.92% 79.37| 0.959| 2.681| 1.000 0.032 | 11.909

F-6 0.823| 56.769 0.978 75.23/ 0.986| 0.685| 0.842 0.217 | 12.969

F-7 0.864| 12.030| 0.985| 62.505| 0.974 0.163| 0.979 0.591 | 44.039

F-8 0.975| 9.168 | 0.924 19.116 0.9730.123| 0.956 0.707 Ref

Swelling and erosion index of the tablets are preskin Table 5. Swelling index were

highest for F-1 (180.159% at 4 hours), then for @-77.143% at 4 hours) and erosion index
were highest for F-7 (63.158% at 4 hours) and B&188 % at 4 hours). Eudragit L100

based polymer showed little more swelling actiamtkollidon SR based tablets.

Table 5. Swelling and erosion index (%) ofDS loaded hydrophobic polymer based
matrix tablets

Time Swelling Index (%) Erosion Index (%)
(Hrs) F-1 F-2 F-7 F-8 F-1 F-2 F-7 F-8

1 146.535 136.311) 134.276 131.593 21.094 12.1528736. 2.413

2 157.895 153.271] 139.623 136.096 30.000 17.054 0634. 3.593

4 180.519 169.686| 177.143 159.490 36.188 26.786 1583. 6.366

The release rate of DS was very small in acidicienéal 2 hours, that's why the dissolution
data in the buffer stage (the very small amoundroiy that was released in the acid stage
included in the 1hour of the buffer stage) wereyadnsidered for the treating the data in
various pharmacokinetic models. So, the original Walue of each formulation would be
the MDT value indicated (in bar diagram) plus 2 tsodrigure 4 shows the MDT value of the
eight formulations. Highest MDT value was obserf@dF-5 (9.63 hours), then for F-8 (6.75
hours). The MDT value is the indicator of sustagnaction of polymer. F-2 and F-3 showed
least MDT values as it showed immediate releas®®f Swelling and erosion index of
eudragit L100 based and kollidon SR based tablete \given in table 5, indicating that the
polymer when swelled more, they were also erodeemo
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Figure 4: MDT values of all formulations of DS loaedd hydrophobic polymer based
matrix tablets.

Materials and Methods

Diclofenac sodium (DS) was a gift sample of Squaharmaceuticals Ltd. Eudragit L100,
ethylcellulose, veegum and Starch 1500 were puech&tem Techno Pharma (Bangladesh).
Kollidon SR and kollidon K30 were from BASF (Bandésh). Magnesium stearate and talc
were purchased from Wilfrid, UK. Among the reageritébasic sodium phosphate, 37%
(w/v) hydrochloric acid and sodium hydroxide werenh Merck, Germany.

Preparation of matrix tablets
Matrix tablets of diclofenac were prepared by sengdirect compression method. All the
ingredients were weighed accurately, mixed thortugh produce a homogenous mixture
and were taken in a Perkin-Elmer hydraulic presSA)) equipped with 13 mm diameter die.
It was previously lubricated with talc. Now usingt@es pressure it was compressed into
tablet (according to the formulation given in Tab)e

Table 1: Formulation of diclofenac sodium loaded hgrophobic polymer based
matrix tablets

_Drug Eudragit | Ethyl Kollidon | Starch | Kollidon- | Magnesium
Formula (chll\cl)afsznac [-100 | cellulose Vegum SR 1500 30 Stearate Talc | TOTAL
1 100 160 - - - 110 20 5 5 400
2 100 240 - - - 30 20 5 5 400
3 100 - 160 - - 110 20 5 5 400
4 100 - 240 - - 30 20 5 5 400
5 100 - - 160 - 110 20 5 5 400
6 100 - - 240 - 30 20 5 5 400
7 100 - - - 160 110 20 5 5 400
8 100 - - - 240 30 20 5 5 400
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Evaluation of powder characteristics

Carr’'s Index and Hausner Ratio

Both poured density (PD) and tapped density (TDjewaetermined. A quantity of 2 g of
powder from each formula, previously lightly shakerbreak any agglomerates formed, was
introduced into a Pharmatest densitometer (Veegtia) with 100 mL measuring cylinder.
After the initial volume was observed, the cylinaes allowed to fall under its own weight
onto a hard surface from the height of 2.5 cm aeBond intervals. The tapping was
continued until no further change in volume wasedotA useful empirical guide is given by
Carr's Compressibility Index (equation 1). Tapped aoured densities of the powder mix of
all formulations (without adding glident) were measd. A similar index (equation 2) has
been defined by Hausner (1967) [13].

Cl (%) = (TD-PD) X 100 + TD....euvveieiiecein e @)
Hausner Ratio = TD+PD..........cccccvev v (2)

Where, TD = Tapped Density, PD = Poured Density; Clarr’s Index.

Angle of Repose

Angle of repose of the powder mix of all formulatso (without adding glident) was
determined according to the fixed funnel and fraeding cone method [14]. A glass funnel
(75 mm) was secured with its tip at a given hei@tt above a graph paper placed on a
horizontal surface. Powder (2.5 g) was poured ftifinoilne funnel until the apex of conical
pile touched the tip of the funnel and then thelamj repose ) was calculated using the
following formula (equation 3),

Where R is the radius of conical pile [15].
Evaluation of tablets

Hardness and tensile strength

Five tablets of each of the formulations were taiad hardness was measured by hardness
tester (Veego, India). The average value was catledl and the testing unit was kg.
Measurement of tensile strength was conducted enattial and radial directions with the
intact matrix discs according to Fell and Newtogu@tion 4 and 5) [16]:

Taxial= 4F @ X DY)evvvevieeeee (4)
Tradia= 2F + @@ X Dx H).......oovvveee e i(B)

Where F, D and H are the crushing force (kgfpmiiameter (mm) and thickness (mm) of the
NAP-RAN tablets.

Thickness Measurement

Six tablets of each of the formulations were taked thickness was measured by Vernier
Caliper. The values were reported in millimeter (niean was calculated.
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Diameter Measurement

Six tablets of each of the formulations were takewa diameter was measured by digital
Vernier Caliper (SDK, China). The values were réporin millimeter (mm). Mean was
calculated.

Friability Test

Six tablets of each of the formulations were taked friability was measured by Friability
tester (Veego, India). Weights of six tablets weaden. The tablets were introduced into the
rotating disk and it was allowed to rotate at 2& rpr 4 minutes. At the end of the rotation,
tablets were collected, dedusted and reweighedridislity was calculated as the percent of
weight loss. Tablet integrity is determined by océdting the percent of friability by using the
following formula:

Percent of friability = (M — M2)+M1 X 100%..........ccceernnnne (6)

Where, Mand M, are average weight of the tablets before the mitaéind after rotation
respectively.

Invitro release studies

The release rates of DS from the matrix tabletewigtermined by using US Pharmacopoeia-
XXII dissolution apparatus 2 (Veego, India). Thestilution test was performed using 750
ml 0.1N HCI solution at 37°€ 0.5°C using 50 rpm for first 2 hourét the end of the 2
hours, the medium was removed from the vesselgtanthblet was subjected to the buffer
stage. 20 ml of 5 N sodium hydroxide was addechéormhedium and stirred for 5 minutes.
Then the amount of DS in the sample solution wasrdened by UV absorbance at the
wavelength of maximum absorbance at about 276 nnm&lzu, Japan) of filtered portions
of the solution under test with a standard cureededing to USP 27). After 2 hours, the acid
stage was changed into buffer stage followed byitiaddof 250 ml 0.2 M trisodium
phosphate in the 750 ml 0.1N HCI and if necessajyst with 2 N hydrochloric acid or 2N
sodium hydroxide to a pH of 6.8+ 0.05. Now the aske rate of DS in buffer was measured
for next 6hours, withdrawing 10 ml of sample at 1 hour ingrand replacing with 10 ml of
the fresh medium to maintain the volume constahie $amples were filtered through a
Whatmaan filter paper (0.45) and diluted to a suitable concentration with reegiimedia.

Release kinetics

The suitability of several equations that are regabrin the literature to identify the
mechanisms for the release of NAP from SR porti@s wested with respect to the release
data. The data were evaluated according to thewally equations:

Zero-order model [17]:

Mi=Mog+ Kot eviiiiiiiennes (7)

Higuchi model [18, 19]:

M= Mg+ Kut®® oo, (8)
Korsmeyer-Peppas model [20, 21]:

M= Mo+ Kt oo 9)
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Where M is the amount of drug dissolved in time t, M the initial amount of drug, ¢{s the
zero-order release constani, I§ the Higuchi rate constant, K is a release @msind n is
the release exponent that characterizes the merhanfidrug release.

First order model [22]:

LogC = LogCo — kt/2.303..........ccvvennnen. (20)

Where, C = cumulative percent of drug release, @we=initial concentration of drug and k =
first order rate constant.

The magnitude of the exponent n indicates thatéfease mechanism is Fickian diffusion,
case |l transport or anomalous transport. In thesgmt study (cylindrical shape) the limits
considered were n = 0.45 (indicates a classic&i&icdiffusion-controlled drug release) and
n = 0.89 (indicates a case Il relaxational reldesesport: polymer relaxation controls drug
delivery). Values of n between 0.45 and 0.89 canrdmgarded as indicators of both
phenomena (transport corresponding to coupled difigsion in the hydrated matrix and
polymer relaxation), commonly called anomalous Raokian transport. Values of n greater
than 0.89 indicates super case Il transport, incivtda pronounced acceleration in solute
release by a film occurs toward the latter staga®lease experiments, resulting in a more
rapid relaxation-controlled transport [23].

Due to the differences in drug release kinetics,abnstant k, though one of the measures of
release rate, should not be used for comparisoereftre, to characterize the drug release
rates in different experimental conditions, meassdiution time (MDT) was calculated from
dissolution according to Mockel and Lippold [24]ngsthe following equation:

MDT =nx (K¥ +(n+1)..coovuennnn.. (11)

Where n is the release exponent and K is the kimetnstant calculated from Equation 9. The
similarity factor was used to compare the diffeeen€ dissolution profiles of the test matrix
tablets is given below:

1 = : 0.5
o= Sulog{[] +— Y (R - nf] % 100
; M=)

where R and T are the percentage of drug dissolved at each piowet for the test and
reference products, respectively and n is the nurobelissolution samples taken The US
Food and Drug Administration and the European Agefloc the Evaluation of Medicinal
Products have suggested that 2 dissolution praféesbe considered similarfifis between
50 and 100 [25].

Statistics

To compare the means of all release data and éssssatistical significance between them,
one way repeated measures analysis of variance \A@erformed at the 5% significance
level, using SPSS software Version 16.0.
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Determination of Swelling (Eroding Behavior)

The swelling-eroding behavior of matrix tablets veetermined by the method reported by
Al-Taani and Tashoush [26]. Matrix tablet was idwoed into the dissolution apparatus
under the standard set of conditions as specifiediétermination ofn vitro drug release.
The tablets were removed using a small basket aallen weight of each tablet was
determined. To determine matrix erosion, swolleriets were placed in a vacuum oven at
40°C and after 48 hours tablets were removed arighed. Swelling (%) and erosion (%)
was calculated according to the following formuwidnere S is the weight of the matrix after
swelling; R is the weight of the eroded matrix; ani the initial weight of the matrix

% Swelling = (S x 100) +R ......covvviiinnnnd (13)
% Erosion=(T—-R) x 100 =T ................. (14)
Conclusion

Among the four hydrophobic polymer used in the iratablets, ethyl cellulose and veegum
were not proved to be a sustaining polymer, wheeeasagit L100 and kollidon SR showed
sustained action up to 6 hours at 40% and 60% cdraten. The release pattern of F-1 and
F-7 were found to be similar by one way repeatedsues ANOVA (Dunnett test) and that
of F-1 and F-2 were found to be similar by measusmilarity factor, f2. F-1 and F-7 fitted
to Higuchi model. Finally MDT values were found twe increasing with increased
concentration of hydrophobic polymers. Swellingardvas highest for F-1 (180.159% at 4
hours) and erosion index were for F-7 (63.158% hodrs). Eudragit L-100 based polymer
showed little more swelling action than kollidon B&sed tablets.
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