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Abstract

In this study, the aim was to prepare matrix tablets of chlorzoxazone to achieve a sustained release profile
suitable for peroral administration. Matrix tablets were prepared by means of wet granulation method
using Eudragit® RS 100 as the polymer. The effect of formulation factors on drug dissolution and kinetics
of drug release were investigated. Matrix tablets prepared from the granules in ratio of 1:0.5:0.8:0.46
(Chlorzoxazone:Eudragit® RS 100:Lactose:Primojel®) and with the particle size of 250 um, revealed the
best release behaviour. Micromeritic investigations were also carried out on chlorzoxazone powder and
the granules of the tablets which showed the best release profile. These tablets showed non-Fickian
behaviour according to the curve fitting analysis. This study claimed to formulate a delivery system that
may optimize the drug release and reduce the side effects by the preparation of matrix tablet formulation
of chlorzoxazone. :
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Introduction

Chlorzoxazone, 5-chloro-2-benzoxolinone, is a benzoxazole derivative which inhibits
polysynaptic reflexes within the spinal cord and subcortical regions of the brain. It is used to
decrease muscle tone and tension and trelievus to relieve spasm and pain associated with
muscoskeletal disorders (Remington’s Pharmaceutical Press, 1990). Its use is limited depending
on side effects such as nausea and vomiting probably due to rapid absorption or gastric irritation
(Martindale, 2002).

Eudragit® RS 100 is a copolymer of acrylic and methacrylic acid esters that swell in digestive
fluid independently of the pH and becomes permeable. It is frequently preferred in film coating
of the tablets, granules and other small particles and can be used also in matrix formulations
(Sanghavi et al., 1990; Kirilmaz et al., 1996; Lehman, K., 1997, 2001; Derrar et al., 2004:
Ferrero et al., 2003; Pignatello et al., 2001).

Matrix tablets can be prepared with acrylic resins by granulation or direct compression.
Pharmacologically inactive substances can be embedded in water-insoluble polymers as a
means of retardation; e.g. tabletting together with polymer powder or by extrusion at the
softening temperature of the polymers in the range of 120-200 °C. Poly(meth)acrylates are used
mainly to regulate the drug release (Lehman, K. 2001).
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The aim of the present study was to prepare matrix tablet formulation of chlorzoxazone to
achieve a sustained release profile by using Eudragit® RS 100. In the first step, the effect of
formulation variables as polymer:drug ratio, particle size distribution and compression pressure,
were investigated on the release of drug from the tablets. Afterwards, kinetic and micromeritic
evaluations were carried out. Additionally, physical properties of the tablets were investigated.

Materials and Methods

Chlorzoxazone (CZX) was obtained as a gift sample from Cilag AG. (Geel, Belgium). Eudragit
RS 100 was supplied from Rohm Pharma. (Darmstadt, Germany), Lactose was purchased from
Merck (Darmstadt, Germany) and Primojel was supplied from Westerhorn (Dauenhof,
Germany). Other reagents and solvents were of analytical grade.

Preparation of matrix tablets: The matrix tablets of 690 mg each containing 250 mg CZX were
prepared by wet granulation method in different CZX: Eudragit® RS 100: Lactose: Primojel®
ratios (Table 1). Powder mixtures were kneaded in a mortar using methanol as a binder during
the granulation process. The granules were dried then sieved through a combined sieve set
(Retsch, Germany) and reduced to particle sizes of 1400-1000,1000-710,710-500 and 500-250
pm. Matrix tablets were produced by compacting the granules under the compaction force of
512, 1025 and 2048 Ibf/ft* during 10 s.

Table 1. The content ratios and the compaction force values of the matrix tablets

Code | CZX | Eudragit® RS 100 | Lactose | Primojel® F(f)‘:'c';p(ﬁl';g‘;t'i)
I 1 0.05 0.80 - 1025
Il 1 0.10 0.80 0.40 2048
il 1 0.30 0.80 0.40 2048
v 1 0.30 0.80 0.46 2048
v 1 0.50 0.80 0.46 2048
VI 1 050 0.80 0.46 1025
VIF | 1 0.50 0.80 0.46 512

*a_ b, ¢, d: Particle sizes of 1000 um ;710 um , 500 um, 250 pm.

Preparation of hard gelatin capsules: Granules with a ratio of 1:0.5:0.8:0.46 and 250 um
particle size were filled in hard gelatine capsules in order to understand the effect of the
tabletting procedure on the dissolution of the granule. '
In vitro dissolution studies: In vitro dissolution studies were performed on the matrix tablets
and the hard gelatin capsules using USP XXIII apparatus type II (The United States
Pharmacopoeia, 2001) at 100 rpm, in 900 mL of simulated gastric and simulated intestinal
media (SGM and SIM) maintained at 37 £0.5 °C. Sampling was performed during 8 h 1 mL
aliquot withdrawn at appropriate time intervals was filtered and the amount of drug dissolved
was determined spectrophotometrically (Shimadzu UV-160A) at 280 nm in SGM and at 287
nm in SIM, respectively. Half change dissolution study was also carried out on the matrix
tablets (V, VI and VII).
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Kinetics of drug release
Kinetic evaluations: The in vitro release data of the ideal matrix tablets (VII-d) were evaluated

kinetically by (Bt)?, Langenbucher, first-order, zero-order, Hixon-Crowell, RRSBW, Qw/; ,
Higuchi, Hopfenberg (spherical, cylindrical, slab) equations and the ideal kinetic models were
estimated for drug release. The release constants (k) and determination coefficients () were
calculated by means of a computer program (Ege M. A. et al., 2001).

Curve fittting: Curve fitting was performed using Microsoft Excel 2000 version. The
dissolution data were fitted to Equation (1). : :

M
—t =" 1
M M

where M/M.,. is the fraction of drug released at time t, k is the kinetic constant of the system,
and n is the diffusional exponent characteristic of the release mechanism. A value of n=0.45
shows that Fickian (Case I) diffusion is observed. A value of n=0.89 indicates Case II transport
and the release is directly proportional to time. For values of 0.45<n<0.89 anomalous (non-
Fickian) transport is predominating mechanism (Peppas, 1985). The release exponent and
kinetic constant of the system were calculated. '

Micromeritic studies: In order to standardize the drug powder and the granule product for
industrial applications, the micromeritic properties of the granules (VII-d) were studied by
determining their fluff density and weight, tapped density and weight, fluidity, angle of repose
and particle size distribution (Voight er al, 1982; Giiven, 1987). Hausner ratio and
Consolidation (Carr %) index were also calculated by using Equations (2) and (3) to
understand flowability rates of the powders and/or granules when tabletting or filling into
gelatin capsules (Fassihi ef al., 1987, Wells, 1988).

Tapped density — Fluff density

Consolidation index % = x100 2)
Tapped density
Hausner ratio = Tapped density 3)
Fluff density

Physical properties of the matrix tablets: Physical parameters of the matrix tablets that revealed
the best release profile (VII-d) were characterized by investigating weight deviation, thickness,
diameter, hardness and friability (Giiven, 1987)

Results and discussion

According to the in vitro dissolution profiles of the pure CZX powder, the drug dissolved
completely in 3.5 h in SGM and in 2 h in SIM (Figures 5 and 6). Matrix tablets showed very
poor solubility in SIM (Figure 2-1). Dependingly, to achieve a better release profile in SIM, it
might be necessary to add soluble and swelling excipients such as starch, Primojel®, Avicel PH
101 to accelerate release rate. Thus, Primojel® was added to the matrix tablets as a
disintegrating agent in increasing amounts. Consequently, the dissolution increased,
approximately to 90 % both in SGM and SIM where the tablets dissolved very quickly in the
first 2 h (Figures 1-IV and 2-IV). For this reason to modulate the drug release, the amount of
Eudragit® RS 100 was increased; however, tablets yielded decreased results in SIM (Figure 1-
5). '
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Figure 1. In vitro dissolution pr(;files of CZX matrix tablets (I-V) in SGM
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Figure 2. In vitro dissolution profiles of CZX matrix tablets (I-V) in SIM

It was observed that the particle size did not show any considerable effect on the in vitro
dissolution profiles of the matrix tablets (Figures 3 and 4).
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Figure 3. In vitro dissolution profiles of matrix tablets (VII- a, b, c, d) in SGM prepared from
the granules with different particle sizes (a- 1000 pm, b- 710 pm, ¢-500 pm, d- 250 pm)
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Flgure 4. In vitro dissolution profiles of matrix tablets (VII-a, b, ¢, d) with different pamcle
sizes in SIM (a- 1000 pm, b- 710 pm, ¢-500 pm, d- 250 pm)

The impact of the applied compaction force on the release profile of CZX from the matrix
tablets is also investigated and reflected as in Figures 5 and 6.
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Figure 5. In vitro dissolution profiles of CZX , matrix tablets (V, VI and VII) and commercial
tablet (C.T) prepared under different compaction forces in SGM
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Figure 6. In vitro dissolution profiles of CZX, matrix tablets (V, VI and VII) and commercial
tablet (C.T) prepared at different compression pressures in SIM

It was observed that the compaction force was the most important factor on the dissolution of
these matrix tablets. According to the results of the half-change dissolution study the best
release profile was achieved with the tablets prepared under the compaction force of 512 Ibf/f
(VIL, Figure 7).
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Figure 7. Half change dissolution profiles of the matrix tablets (V, VI and VII) prepared at
different compaction forces

As a result of the in vitro dissolution studies, we suggest that the matrix tablets (VII-d) prepared
under the compaction force of 512 Ibf/f* with the particle size of 250 pm in a ratio of
1:0.5:0.8:0.46 (CZX:Eudragit® RS 100:lactose:Primojel®) revealed an ideal sustained release
behaviour, so that the drug release could be extended up to 8 h. In addition, when the results of
the in vitro dissolution studies of the hard gelatin capsules were examined, the dissolved % of
the drug decreased approximately from 30 % to 10 % in 0.5 h, from 45 % to 20 % in 1 h and
from 55 % to 40 % in 2 h with the ideal matrix tablets (VII-d) compared to the hard gelatin
capsules. This result showed that the tabletting procedure had considerable effect on the
dissolution of the granules (Figures 5, 6 and 8).
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Figure 8. In vitro dissolution profiles of the gelatine capsules in SGM and SIM
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The data of in vitro dissolution release of the matrix tablets (VII-d) were examined kinetically;
consequently, the highest correlation coefficient and the best kinetic model was observed as
first order kinetics in SGM and RRSBW distribution in SIM, respectively. For RRSBW, the
shape parameter () was found as 1.012 and t g3 0, value as 143.6 min (Table 2, Figures 9, 10)

Table 2. Kinetic evaluations of CZX matrix tablets (VII-d)

SGM SIM
A =1.078 . A =0.878
. B =1.398x10° |B =1.514
(B9 R =0.994 r =0991
? =0.99 * =0.983
. r =0.992 r =0.968
Langenbucher | 2 _ g gg4 2 =0937
kr'=0.301h Kr'= 0.405 hr ™
First- order r =0.998 r =0.987
? =0.997 ¥ =0.974
k= 0.115 mg/h |Kr°=0.108
Zero -order r =0.957 r =0.907
¥ =0.915 ¥ =0.823
. r =0.992 r =0.968
Hixon- Crowell | > _, ge4 2 =0.937
B =1.183 B =1.012
RRSBW r =0.998 r =0.996
- * =0.996 ? =0.992
k = 8.05x10” K = 1.049x10™
QA+t r =0.992 r =0.967
, = 0.984  =0.936
. , r =0.995 r =0.983
Higuchi | 2_ g9 P=0.967
‘ kK =1.187x10° [k'=1.323x10
Hopfenbers 11 0992 r =0967
p = 0.984 ?=0936
Hopfenberg k= 1.504x107 [k'=1.597x10"
Cylindirical |% — 0.985 ro= 0.954
? =0.971 ? =0911
kK =1911x10° [k ’=1.806x10"
H
"Psff:;’e"g r =0957 r =0.907
? =0915 ? =0.823
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Figure 9. First order distribution of the matrix tablet (VII-d) in SGM
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Figure 10. RRSBW distribution of the matrix tablet (VII-d) in SIM

The dissolution data of the matrix tablet (VII-d) were conveniently analyzed using Equation (1).

The values of n and k were found as 0.795 and 1.319 for SGM (’=0.968); 0.623 and 1.499 for
SIM (r=0.923), respectively. These values indicated that drug release was regulated through
both mechanisms of diffusion and polymer relaxation (Pillay et al., 2000). This type of
transport may be observed if there are sites on the polymer or on particles distributed in the gel
interacting with the drug molecules and if the drug concentration does not significantly exceed
the concentration of sites (Upadrashta et al., 1993).

Depending on the results of the micromeritic investigations accomphshed on the pure drug and
on the granules (VII-d), it was observed that tapped densities of materlals decreased compared
to the fluff densities (Table 3) .

Table 3. Micromeritic properties of the pure drug (CZX) and the granule of the matrix tablet
(VII-d)

Micromeritic property Pure Drug (CZX) £ SE | Granule(250um) + SE P(T<=t)tw
Fluff density(mL/g) 2.05+0 1740 3.5x 107
Fluff weight(g/mL) 0.487 + 0 0.588 + 0 3.16x 107
Tapped density (mL/g) 0.776 + 0.0089 0.651 + 0.0063 0.000312
Tapped weight(g/mL) 1.287 +0.014 1.529 + 0.014 0.000363
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Fluidity increased in granulated form compared to the powdered form. Flowability of the
granules was found to be excellent (9.68) according to the Carr index of compressibility and
good (1.11) according to the Hausner ratio while the results were very poor (37) and poor (1.59)
for the pure drug, respectively.

These results were confirmed by the flow time and angle of repose values (Tables 4 and 5).
From these results it may be concluded that the process of granulation has significantly
increased the flowability of CZX. As it is understood no fluidity problem will occur during the
tablet processing and the granules do not need any glidant.

Table 4. Flow time (sec) values of pure drug (CZX) and the granule (VII-d)

Amount Flow time (sec.) Pure drug (CZX) Granule P(T<=t) tw
g 0.666 + 0.288 1+0 § 0.116
2g 13+ 1.732 14£0 0.00027
4g 29.666 + 2.081 140 1.83x 107
6g , 30.666 + 3.785 2+0 0.000195
8g 50+ 15 240 0.00518
10g 58 + 8.504 240 0.000329

Table 5. Angle of repose (°) values of pure drug (CXZ) and the granule (VII-d)

[e]

Amount Angle of Repose (°) | p, e grug (CZX) Granule P(T< =t) tw
lg 36.985 + 7.924 8.224 +3.717 0.00470
2g 36.257 + 6.943 19.165 + 3.636 0.00194
4g 44,533 +2.724 19.246 + 1.482 0.000145
6g 50.329 + 1.613 16.730 + 2.425 3.705 x 107
8g 49.497 + 3.879 24.947 + 1.054 0.000452
10g 53.375 + 1.505 23.535 + 1.005 8.956 x 107
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Table 6. Weight and relative deviation values of pure drug (CZX) and the granule (VII-d)

Amount Weight deviation + SD
Relative Deviation
Pure Drug ™~ ~ Granule P(T<=t)tw

0.644 + 0.0205 0.538 + 0.022

I'mL 3.195 4.177 0.00383
1.228 + 0.033 1.109 + 0.064 *

2 mL 2.757 5.824 0.0483
2.265 + 0.0223 2.107 % 0.063

4 mL 0.986 3.0017 0.0152
2.983 + 0.068 2.783 £ 0.105

> mL 2284 3.807 0.0519
3.507 « 0.05 3.302 + 0.087

6 mL 1.431 2.655 0'24?

Table 7. Particle size distribution values of the pure drug (CZX) and the granule (VII)

Particle size Pure drug (%) | Granule (%)
>1400 pm - 65.5
1400 - 1000pm - 8.55
1000- 710 um - 5.85
710 - 500 um 0.198 6.24
500 - 250 um 62.8 5.12
250 - 125 pm 13.4 2.46
<125um 21.1 2.3

According to the results of the quality control tests, all the matrix tablets (VII-d) showed
acceptable pharmacotechnical properties and the results complied with the specifications for the
tested parameters as stated in the USP XXIII (Table 8).

Table 8. Physical parameters of the matrix tablets (VII-d)

Physical parameters Results
Weight deviation + SD 0.690 + 0.00029
Thickness (mm) 520
Diameter (mm) 13+£0
Hardness (kg / monsanto) 1.4+0.186
Friability (%) 4.022
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Conclusion

Beginning from crude materials to packing such as formulation, preparation, in vitro
dissolution,  kinetics,  diffusional ~ behaviour, —micromeritic  properties including
pharmacotechnical properties of the matrix tablets have been investigated. Matrix tablets
. prepared from .the granules in the ratio of 1:0.5:0.8:0.46 (Chlorzoxazone:Eudragit® RS
100:Lactose:Primojel®) and with the particle size of 250 pm, revealed-the best release
behaviour. The present study demonstrated that a sustained release dosage form of CZX could
be prepared and the drug release could be modulated by using Eudragit® RS 100.
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Ozet

Bu ¢alismada amacmmz klorzoksazonun matriks tabletlerini hazirlayarak peroral uygulama icin uygun
olan siirekli etkili salim profilini elde etmektir. Matriks tabletler polimer olarak Eudragit® RS 100
kullamilarak yas graniilasyon yontemiyle hazirlandi. Ilag dissolusyonu ve kinetigi tizerinde formiilasyon
faktorlerinin etkisi ve ilag salimmin kinetigi aragtirildi. 1:0.5:0.8:0.46 (Klorzoksazon: Eudragit® RS
100:1aktoz:Primojel®) oraninda ve 250 pum partikiil biiyiikliigiine sahip graniilelerden hazirlanan matriks
tabletler en iyi salm ozelligini gosterdi. Ayrica toz ilag ve en iyi salim profilini veren tabletlerin
graniileleri iizerinde mikromeritik aragtirmalar yapildi. Yine bu tabletler egri uyum analizine gore non-
Fickian davramisi gosterdi. Bu galisma, klorzoksazonun matriks tablet formiilasyonlarmm hazirlanmasi -
ile ilag salimmn optimize edilebildigini ve ilag yan etkilerinin azaltilabilecegi bir salm sisteminin
formiile edilebilecegini ortaya koymaktadir.
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