CHAPTER I

INTRODUCTION

Introduction

Among the vari ’ - u posed, pellets, due to their

particular properties see he design and development of

\ the minimum surface/volume

\\ es offer a practical method to

-1ntestmal tract. Moreover, the

lower level of gastric irrit - ping accidents and the possibility
of building up dlfferent barrlgrsu_‘}&__;h e

confirm the success-of osage form. InZag

WX ;
de ‘_ forms because of their

s are a few of the advantages which
dition, pellets are highly

preferred over table

greater predlctablllty reproducu ity of t erapeutic (fects.
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extrusnon/spheromzatlon which came increasingly into use duging the late 1970s.
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the whole process: the formulation factors (Hasznos et al., 1992); the extrusion
conditions (Bataille et al., 1993); the type and amount of glycerides (Thomsen et al.,
1994); the solubility and concentration of drug (Zhou et al., 1996; Gupta et al., 2001);
effect of particle size of pellets (Millili and Schwartz, 1990; Shaikh et al., 1991); and
the relationship with the quality of the spheres (Vervaeat et al., 1994)- are some of

these studies.



Several attempts have been made to modify drug release from multi-
particulate oral dosage forms without the necessity of extending the process of
production with a second step of film coating. Several authors have tried to achieve
retardation by incorporating various hydrophobic materials into a basic formulation
for pellets (Ghali et al., 1989). Such systems retard the penctration of aqueous fluids
into the formulation and hence slow the rate of drug release. Glycerides are a group of
materials derived from natural products, which have a wide variety of applications
within pharmaceutical formulation. I 1cula: glycerides, which are solid or semi-

solid at room temperature, ar sitory bases and, more recently, as

controlled release matrice

Several researchers” ‘been . ' st the effect of glycerides
concentration on the r | £ paration such as Brossard et al.
a3 ased as the melting point of
glycerides decrease et al. (1994) also studied
effect of 12 meltable si 1p olonged release of pellets. It
was found that few sub e;c; ” c11ckizek formulation. Whereas pellets
prepared with combinatio _ ‘ ' arate (GMS) and microcrystalline
wax demonstrated the slowerﬂ@ﬁ \

AT
limits by varying thélcomposition of bin

of drug could be varied within wide
§1' (1995) have found that

s onthe release of theophylline

from matrix pellets Broduce' 510 spheron@tion. Zhou et al. (1996);
Miyagawa et al. (1999);¥Bedmeier et al. (1990); and Brabander et al. (2000) explored

the effect of ﬂu&}m&ww&ﬁ] iﬂhgform of pellet matrix,

granule matnx%eml solid matrix capsule, and tablets respectlveal y. They have been
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decreaséd with the time.

the effect of wax céncentration pla

Other workers have attempted to enhance release by the inclusion of
polyethylene glycols and surfactants into the pellets (Vervaet et al., 1994a).
Serajuddin et al.(1990), and Kenneth et al. (1992) reported that the dissolution of a
poorly soluble drug is improved by incorporating PEG 1450 and Tween® 80 in the

formulation by solid dispersion technique. The processing of the dosage form was



simplified by encapsulating the formulation directly into hard gelatin capsules as
molten solution. At room temperature, the dispersion solidified to form plugs inside

capsules. Large scale manufacturing of such a dosage form is feasibility.

Glycerides such as hydrogenated castor oil could also be successful
spheronized to produce beads if the wetting fluid was ethanol instead of water. With
Precirol®, wetting was achieved with water, however, a subsequent thermal treatment

was needed to obtain extended release spheroids (Ghali et al., 1989). Beads could also

preparation, but g matrix prepared by
ater soluble drug (propranolol
And the effects of thermal

treatment on the release of ighly- wa : ble drug (propranolol hydrochloride)

extrusion/spheronizatic

hydrochloride and diclofe

The =
extrusion/spheronizat.ml technique producing p@)ranolol hydrochloride and
diclofenac sodium matrik pellets :ﬁusmg @GMS, Lubritab®, and Compritol® ATO 888

a5 o maicf0pd Gndi ey g Pehe) £ Frtoring he efect of

additive and thermal treatment on the release of matrix pellets.
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Objective of the Study

¥ To evaluate the release characteristics of highly water-soluble drug
(propranolol hydrochloride) and poorly water-soluble drug (diclofenac
sodium) and effect of type and amount of glycerides on the release of

the drugs from matrix pellets.

2 To investigate the amount of additives on the release characteristics of
drugs from matrix pelle

3 To compare e eristics of pellets having different

rore AR o P .

surface area or'the release of Urligsfrom matrix pellets.

4. To elucida,-, L-r--‘"- t o pH of dissolttion medium on the release of
drugs from & \&

5 To study e / /// \\\\\\3 propranolol hydrochloride
and diclofepic $6 .'. from'e \ erid \ atrix pellets.
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Literature Review
1. Pelletization

Pellets are spheres of varying diameter depending on the application and the
wish of the producer. Historically, the pellets has been used by a number of industries
to describe a variety of agglomerates produced from divers raw materials, utilizing

different pieces of manufacturing equipment. These agglomerates include fertilizers,

animals feeds, iron ores, polymer ‘; g tical dosage forms, and hence do not
only differ in composition buta 1 rent sizes and shapes. Therefore,

pellets mean different thin

In the pharmaceuti e def ined as small, free flowing,
spherical particulate man y the.dgglomeration of fine powders or granules
of drug substance and | sing equipment. Pellets are
e commonly filled into hard

ablets (Bechard and Leroux, 1992;

sized between 0.5-1.5
gelatin capsules but can
Millili and Schwartz, 1990).

The reasons that pell ¢ pharmaceutical industry

because they not only

;‘5 gn and development, but

acy o 10acti® agent.

retes 8 BRI N S IHBIRR Foving a sotsion or

suspension of a Winder and a drug gato an inert core building the ‘upellet layer after

= QR PRGBS I FYIH TR B oo

(spray-cofgealing) forming pellets due to the hardening of the molten droplets

also utilized to improvemxe safely

(Ghebre-Sellassie, 1989); spraying a binder solution into the whirling powder using a
fluidized bed (Olsen, 1989). The most popular method of producing pellets is by the
extrusion-spheronization technique. The most recent method for production of
pharmaceutical pellets is by mean of the fluid-bed rotor granulator or by the
centrifugal granulator (Maejima et al., 1992; Bechard and Leroux, 1992) performing

the whole cycle in one closed system. For example, pellets formed by extrusion-



spheronization show a slower release profile compared to those made by the layer
building technique (Zhang et al., 1990, 1991).

2 Extrusion-Spheronization Process
The extrusion-spheronization process involves five unit operations. These are

dry mixing, wet granulation, extrusion, spheronization, drying and (if necessary)

screening (Figure 1).

—

Figure 1 FI(E chart of a typical ex usion-sph@)nization process.
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followed‘l)y wet granulation, which converts the powder into a plastic mass that can
be easily extruded. The most commonly used granulator is a planetary mixer
(O'Connor et al., 1985; Fielden et al., 1989; Zhang et al., 1990, 1991; Yuen et al.,
1993; Blanque et al., 1995; Peh et al., 1995; Sousa et al., 1996) although the use of
high shear (Ku et al., 1993; Zhou et al., 1996, 1997, 1998, Schaefer et al., 1992,
1993a, 1993b, 1996a, 1996b, 1996¢, 1996d) or sigma blade (Woodruff and Nuessle,

1972) mixers has also been reported.



Extrusion Operator

In the extrusion step, the wet mass is passed through the extruder to form rods,
similar to short strands of spaghetti. These extruded strands are called extrudate. The
extrudate length may vary, depending on the physical characteristics of material to be
extruded, the method of extrusion, and how the particles are manipulated after

extrusion. Various type of extruders can be performed using four main classes, i.e,

screw, sieve and basket, roll, and ram Wder (Hick and Frecse, 1989).
A. Screw Extruder ’/
E——

This type of extruder®is«the onk -h_w* ontinuous devices as a result of

Z AN A

g o / ‘ the name involves, screw extruder
utilizes one or two (twin-sere ew-to.de

extrudate can exitinas
\w ure forcing the mass through

opening. Two funda alls or s€rew extrusion are possible

(Figure 2).

In the axial type, theScreghiis place ¢ end of the screw, perpendicularly
with the axis of the screw in con fastto therad type where the die is placed around
the screw, dischargin@ithe e perpendi he axis of the screw.

v

y
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Eatrusion screen

Figure 2 Schematic view of a screw extruder : A) Axial type; B) Radial type



B. Sieve and Basket Extruders

In the sieve and basket extruders (Figure 3), the granulator is fed by a screw or
by gravity into the extrusion chamber and pressed through the screen by rotating or
oscillating device. The different between the sieve and basket extruders is similar to
that between the radial and axial screw extruders. In a sieve extruder the screen is
positioned at the bottom of the extrusion chamber, while in the case of basket-type

ion chamber make up the extrusion screen.

Y.

il

extruder the vertical walls of the ext

Figure 3 Schematic vie a sieve extruder, (A); a basket extruder (B)
¥,
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In this type, the mass is fed and pressed between roller and perforated plate.
Two different types can be described: the first type equipped with two contrarotating
rollers which one or both are perforated and the extrudate is collected inside the
extrusion rollers (Figure 4 A and B). The second type of roll extruder has a perforated

cylinder rotates around one or more rollers installed inside that cylindrical chamber

and discharging the material out ward (Figure 4C).



Figure 4 Schematic of roll€xtutidé \\\\ oll (A); with two perforated
\ \ »und roller (C).
N

Ram extruder (Fieldgn eta “-‘_ 2; Tapia et al., 1993; Blandque et al.,

1995), probably the oldest type ;,:9 er: principle of this extruder is based on
a piston that pushes, the s through: ituafed at the end of the barrel
(Figure 5). \ 7 Y )

F'I

Piston

Figure 5 Schematic of ram extruder
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Spheronization Operation

In this case, the extrudates are dumped onto the spinning plate of the
spheronizer, called the friction plate, where the extrudate is broken up into smaller
cylinders with a length equal to their diameter. The static cylinder can be jacketed for
temperature control. The friction plate, a rotating disk with a characteristically
grooved surface, is the most important component of the equipment. A standard

ere the grooves intersect at a 90° angle is

J /y/e is radial geometry where a radial
:..“-f-'

friction plate with a crosshatch patte

According to R@f ose pla y mder@re rounded due to frictional
forces. In the spheronization,process different stages can be disguised depending on

the shape of tlﬂ%ﬁ&] ig %l@ %]n? wngf’%ﬂa@linder with rounded

edges, dumb-bemand elliptical part'bcles to eventglly perfect sp&sres (Figure 7A).
s U PO PR e o s
(Figure 7B). In this mechanism, a twisting of the cylinder occurs after the formation
of cylinders with rounded edges, finally resulting in the breaking of the cylinder into
two distinct parts. Both parts have a round and a flat side. Due to the rotational and
the frictional forces involved in the spheronization process the edges of the flat side

fold together like a flower forming the cavity observed in certain pellets.
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Rowe: I, cylinder; I, cylinder

Figure 7 Pellet-formin ismeaccordi \
\ pse; V, sphere; (B) Baert: I,

cylinder; II, rop .?-.. mb-bs sphere with a cavity outside; V,
sphere
Drying Y}

iy

The resulting pellet.can be dried atgroom temperature (Hellen and Yliruusi,

1993) or at eleﬂz et dempérdeie] i & Hidpell\fadrt 3 Jaion, 1993; Ku et al,

1993), a hot air Oven (Woodruff anq.Nuessle 1972 O’Connor d Schwartz, 1985;

s RTTR ST EAM 9N ﬁ d

3 Parameter Influencing the Final Pellets Prepared by Extrusion and

Spheronization

There are various process and formulation parameters that effect on the

qualities of pellets. These parameters can be described as follows:



12

3.1 Formulation
3.1.1 The Moisture Content in Granulated Mass

The moisture content plays a critical role in the extrusion-spheronization
process. Many research presented the effect of moisture content on the characteristics
of final pellet (Baert and Ramon, 1993; Ku et al., 1993; Pinto et al., 1993). If the
moisture content is less than the lower limit, a lot of dust will be formed during
spheronization resulting in a large | y xceeding the range of the moisture
content leads to an overwefted ma | éation of the individual pellets

during spheronization duc (o.the excess of water at the surface of the pellets.

Furthermore, mean dia strib \\Li‘n erigity, hardness and drug release

: s due to the decreasing of porosity

: \ ixture is about 20-30% w/w.
Solvents, such as eth ixture 5 f water and ethanol, may be used as
fels \
granulating liquids when Walet. 1S e itable, for instance, for stability or

Generally, the li

solubility reasons.

3.1.2 The Phdsical Properties of S 4,

0

There is not only thesobvious differemge in pellet quality stating from different

s ﬁa’H Al feterttt o ditterchltfpbs drfhb Sime product are used.
P RIS Wﬂé}%ﬂ%’ﬂ %ﬁrﬁzﬂ@ type on the

quality of the pellets (pellet size, sphericity as well as release rate of an included
drug). The RC and CL type showed the release rate of drugs because a gel-like
structure was formed in water due to the presence of sodium carboxymethylcellulose
whereas the pellets containing Avicel® PH 101 remained in the aqueous dissolution

medium, resulting in a greating release rate.
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Herman et al. (1988) demonstrated that using various types of microcrystalline
cellulose (Avicel® PH 101 and Avicel® RC-581; microcrystalline cellulose blend with
carboxymethyl cellulose) provided the pellets with different release rate in different

types of dissolution fluids.

The use of similar products but from different suppliers could change the

characteristics of the pellets (Heng and Staniforth, 1988).

The particle size of th ial has a profound influence on the

extrusion characteristics of e size and the roundness of the

resulting pellets (Wan et

S
i

In addition to const l ility o “\. products in the granulation
liquid has a dramatic ¥ on ‘ \ on liquid needed to obtain
the proper plasticity. .ﬁ« will $ : \

granulation liquid increasing

the volume of the liqui hlﬁ lead to an everwetting of the system in
e WA
contrast with a formulation'co a% pon-soluble drug (Baert et al., 1991).
r -‘Ia y

#
é -,.A.J ...-l-

3.2 Extrusion Procesq@,-.-i,‘d—'M 7

3.2.1 The Type of E ')
Several research bag investigated &1; effect of extruder type on the pellet

characteristics ﬁoﬂd 9853 lfi&"dﬂ %fﬁ 1W)81€m ‘§a1 (1992) compared

some behaviors ‘0f extrudate using °1;am and cylmder or roll extruder The finding

showedrqw ﬁ tﬂ’imgtm w eEll in sphericity
and partigle size distribution. The uncontrolled agglomeration occurred when ram

extruder was used and this behavior depended on the particle size of starting material.
This observation was due to differences in shear rate or shear stress between these two
types of extruder. Furthermore, the different in particle size distribution owed to
distinction in the length-to-radius ratio (L/R ratio) of the extrusion screen the different

types of extruder was used.
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3.2.2 The Extrusion Speed

Harrison et al. (1985) reported that increasing in extrusion speed (high through
put rate) affected the extrudate quality including surface impairments such as
roughness and sharkskinning. These defects lead to pellets of lesser quality because
the extrudate will break up unevenly during the initial stages of the spheronization

process, resulting in a lot of fines and a wide particle size distribution.

3.2.3 The Properties of the Ex w)men Size

The extrusion screcn size.s chatacte _MI-LA_ thickness of the screen and

the diameter of the perforau ie diameter of the perforations determines the size

of the pellets, a larger diamictg f flie perforatic produce pellets with a larger

Baert et al. (19938) desgribed the difference in extrudate quality between an
T\ tio (L/R ratio) of 1.8 and one
of L/R ratio formed a rough and 1905 OuH i ate while the screen with an L/R
- extrudate. This observation can be

he screen with the greatest

explained by the highé

thickness.

D

3.3 Spheronizdtien Process

ﬂ‘lJEJ’J‘VI?Jﬂ‘ﬁW?J’]ﬂ‘ﬁ

3.3.1 The Spheronization %)eed

ARIAINTUNNRIINYIAY

Seyeral researches indicated the effect of spheronization speed (speed of
friction plate) on the characteristics of pellets (Ku et al., 1993; Wan et al., 1993). An
increase in the yield of the smaller fractions was seen, probably due to a greater
degree of fragmentation during the initial stages of the spheronization process. In
contrast, a decreasing amount of fines and increasing amount of large particles with
increasing spheronizing speed correlating with an increased mean diameter were also
observed. The hardness, roundness, porosity, bulk and tapped densities, friability,

flow rate and surface structure of the pellets were also influenced by a change in the
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spheronization speed (Woodruff and Nussle, 1972). According to Rowe (1985) the
spheronization speed should be optimized to obtain perfect spheres, as opposed to a
spheronization process at higher speed, which could lead to agglomeration of

individual pellets.

3.3.2 The Spheronization Time

diameter, a narrower particlessize distri phange in the bulk and tapped

densities and a change g w range were observed with
extended spheronization tum€. . (1993)-

A wide variety was witnessed assessing the importance of this parameter

rystalline cellulose: an increased

sphericity of the pellets
processed. In contrast, th hat nonf ¢ e granulometry, the hardness
and the friability whe igns containing ‘on el” pH 101 were spheronized

for different periods of

3.3.3 The Spheror r‘ Ad ;.'_a"‘
7 e
The import mm ined by means of an

experimental design. ‘ff" .n‘:\._‘ decreased with increased

. . ’
cronizer load a .'r¢ increased with extended

spheronization speed a low sp

spheronization time at ﬁmﬁromzatlolﬂmd (Chariot et al., 1987). Hasznos et al.

(1992) demons &lm;@ mﬂ ;]jm gfllcle size distribution

as the mean dlar'a‘!:ter increased withncreasing spEEromzer load. ddmon the size

of e QR FRITT @H%W}’%’ﬂ%'%ﬂ“ﬂm i

increasing spheronizer load.
3.4  The Drying Method
Drying is the final step to eliminate the excess of the solvent used in

granulation liquid. The pellets can be dried at room temperature or at elevated

temperature in a fluidized bed, a hot air oven or a microwave oven. Comparing a
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formulation dried in a microwave and ordinary oven, the pellets dried with microwave
differed from those dried in the oven as their surface was rougher, more porous and

lesser hardness (Betaille et al., 1993).

4. Wax Matrix Pellets System

The matrix system is commonly ,used for manufacturing sustained release

dosage forms because it makesx‘ ch g easy. In this system, the drug in
the form of fine powder a : ' @ent are mixed and the mixture

under heating, so manufa i n P | gperational conditions have to be
carefully specified to obfa d properties. Preparation of

matrix systems has been di t easy to specify in the case of

preparation of high-quality aﬁﬁF cthern onsidering of gastric emptying
time of pharmaceutlcals multly;ljemt formul ati on is suitable for sustained release

“"' ..-n‘,..-\",,
4 or granules with the wax

matrix system because/o n-thé manufacturing process.

Wax matrix granule \'Qﬂd be va
drug release if these probléms,could be solveds

AULINBNINYING

Several alllempts have been made to modxfy drug ree se from multi-

iy YT AT A e v

productiofi with a second step of film coating. Several authors have tried to achieve

vement@)sage form for controlling

retardation by incorporating various hydrophobic materials into a basic formulation
for pellets (Ghali et al., 1989). Such systems retard the penetration of aqueous fluids

into the formulation and hence slow the rate of drug release.

Other workers have attempted to enhance release by the inclusion of
polyethylene glycol and surfactants (Vervacet et al., 1994). Such systems, however,

would only function if the presence of modifving agent did not interfere with the
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production process. The preparation of pellets by extrusion/spheronization is not a
process, which can be used for all formulations. Hence, it is importance to evaluate
the factor, which could affect both the ability to make spheres and the influence such

factors, would have on the drug release performance.
Controlled Parameters of the Matrix System

release from controlled release pellets can

be states following parameters: 3 ///’

J
ed in Matrix

The influence o : Jamoun incorporated in matrix is

(1982) have shown t

interesting and of practic ‘ - n the , ritrolled release. Fessi et al.
' : \n obeyed the Higuchi square

root equation, such that thg portional to the initial drug

- ‘V s v

loading. 3 \
Foster et al. (1990a, 1 . ae release of ephedrine hydrochloride

and procaine hydrochio hydrogenated castofioil fiatrix tablet. The effect of

of sumulative amount release
per unit area versus gare root 0 are linear. T@ release increased with are

increase in concentrationsof-drug. A similargesult are happened when change to other

w AUGINININYINT
D) Gfior i Serfvaz m3ﬁm£jwﬁq ‘ﬁéﬂ the release of

drug frodi matrix pellets. The result showed that an increase in aqueous solubility was
found to be corresponding to an increase in the amount of drug dissolved at any time.
This study indicated that the release rate of drug as follows; hydrochlorothiazide >
quinidine sulfate > theophylline > chlorpheniramine maleate, respectively. They also
studied the dissolution rate of pellets containing various concentrations of
theophylline. An increase in the concentrations of 'drug in the matrix resulted in an

increase in the amount of drug release at any time t. It must be noted that a change in



18

concentration of drug will affect the porosity and may possibly affect the tortuosity of

the matrix.

Ishino et al. (1993) observed the release rate of five drugs having different
solubility. The result exhibited that release rate decreased with increasing
hydrogenated castor oil content. Similarly to the suggestion of Blanque et al. (1995),
the drug release from the pellets is also delayed by decreasing the solubility of the

1 @dwg loading on the dissolution

bmicrospheres. The result indicated that

drug.

Adeyeye and Price (1 04)
of ibuprofen from ceresine
increased drug loading Id sionifieantly increase the release rate of
drug from microspheres |

Otsuka and ase of pentoxifliine from a

My,

dry coat wax matrix ta s beh gh : s wax matrix. The result shown that

. il o » .

increased drug load will ifcrease typ elease o ot all the wax matrix tablets
b - =l

disintegrated during the dis [pICiEst, . -
=L “3‘/ <
In addition, elrejease of the three drugs,

\4

chlorpheniramine maleh 'thec phylline had the slowest

release rate, with salicmic acid 1 betwee e solubility determined for the three
drugs are relative becausemo effort was made to maintain the pH constant in the

saturated soluﬂ\surﬂ Qrﬂ,qeﬁl ﬁgﬁoﬂ*lﬂ}ﬂ@hmirmme maleate

compared to thcmother two drugs ppovided a very large concenwion gradient for

diffusioQ fﬁ &11@1@ Ff’l ﬁ(ﬂ#w{iﬁ%a% %'qpﬂiﬁmely 60 times

greater thdn that for theophylline and 100 times greater than that salicylic acid.

B. Type and Amount of Matrix Material

The matrix material should be met the selection criteria in Table 1 (Phillai et

al., 1988).
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Emori et al. (1984) reported that the increase in the release rate occur with
increasing amount of polymer in phenacetin wax matrix. Because of an increase in the
diffusion rate of drug molecules through channels that resulted from leaching of the

polymer and also by a shortening of this channel length due to matrix disintegration.

Table 1 The criteria in selection polymers for matrix development.

lass-transition temperature, and chemical functionality

’///roper diffusion and release of the specific

1 Molecular weight,

2, | group s act chemically with to active agent.
3. And its d gra u oduct must be non-toxic.
4. n- ~ uring the entire shelf-life.
5 \ ed or fabricated into a desired
6. -x_ ive as to make controlled drug
78 ] G edl \'& ”';ﬁ
J;ﬂﬂ\
Mctaggart et al. (1984) rgported that'both content and wax type had an

effect on the release rate of drug from ma ’,é,' es. Reducing wax content the time

e b |

and temperature at whigh s will tend to increase due

to the dilution of wa ‘#’r 1 at“a with low wax contents

will have a more poxgjs structure and"thus be mor%‘riable, giving rise to the
dissolution rate. On the type-of wax, when ingreasing melting point of powdered wax,

te time takenf8) SR FIIEIVEF VB Y Foicsouon ate wit

decrease. The deéfease in the dlssong.lon parameters with mcreasnr%’meltmg point of

oo v QA ] P15 FH AT YD) T B v

their meltihg point increase.

Flanders et al. (1987) found that the release of potassium chloride from wax
matrix tablets was dependent on the wax level. There is a general increase in
dissolution rate as wax level falls although the lowest level of wax still produces a

significant slowing of dissolution.
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Adeyeye and Price (1994) studied the effect of different waxes (ceresine,
ozokerite, and microcrystalline wax microspheres) on the dissolution rate of ibuprofen
microspheres 17% drug loading. The result showed only slight differences in their
50% dissolution times. The 50% dissolution time for ceresine and ozokerite was about
4.3 hr, while for microcrystalline wax it was 4.5 hr. There were some differences,
however, in the total amount release after 12 hr for the three waxes: 80 and 77% for
ceresine and ozokerite microspheres, respectively, and 66% for microcrystalline wax

microspheres. The amount released after 12 hr showed some correlation with the

melting points of the three wa , ,/g E: 84, and 93 ° C, respectively. The

1 gpnt release after 12 hrs.

Sprokel et al. (19 ed oﬁles of theophylline from
matrix disks prepared ‘ lyethylene (PP), polyvinyl
acetate (PVA), and cellu _ \ B) at 50% drug load. The results
depicted that the slow lease § cen| Wi | | @ 1d the fastest release was seen

with PVA. Since the efi ' nﬁ e 1S a 1 ibuted to the difference in chemical
properties of the surface : e xample, different contact angles
' dissimilar rate of media influx into
the pore network, resulting in »xate. The presence of pores does not

1¢ surface (i.e. hydrophilic

or hydrophobic) influGnces wettin ¢ ; lease. At extremely low

total soluble fraction Elyer W inﬂ@nce diffusion through the

AUYANYNINYINS

C. Matrix Additive ¢

ARNALDIN AN AL

polymer phase.

own that the poor bioavailability of some drugs is related to their
low dissolution rate. Several method have been described in order to increase the in
vitro release rate and the bioability of poorly water-soluble drugs such as reduction of
the particle size, the use of modified starch, and of solid dispersions of high molecular
weight polyethylene glycol (Chiba et al., 1991; Law et al., 1992). The addition of

phosophatidylcholine, egg albumin, water-soluble gelatin, hydroxypropyl cellulose,
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polyvinylpyrrolidone, bile salt, and tensioactives also proved to enhance the

dissolution rate of poorly soluble-drugs.

Al-Shora et al., (1980) reported that sustained release theophylline tablets
constituting carnauba wax (matrix) and polyethylene glycol (channeling agent) were
prepared using fusion or solvent evaporation techniques for blending the drug, the
matrix and the channeling agent. The channeling agent increased the release rate

according to its concentration and molecular weight.

ol "-"
Dakkuri et al. (1978 4_‘_ . mcreased the dissolution rate of

tripelnnamine hydrochlori ax matrix, and that the release

followed zero-order process \ x\: hermore, Dakkuri et al. (1978b)
found that povidone increa ‘Q ine hydrochloride from the
wax matrix; between zero-order process. The

authors explained the being due to formation of
onclusion that while it was

possible to design a sustai s¢ Trof ‘”ﬂ Siy f channeling agent, total drug

phepacetin from a wax matrix

creasing the amount of
polymer increased the falea die tq the formation of pores and
channels in the matrix re‘sulting from leaclai.r}g of the polymer. Parab et al. (1986)

shown that the ﬂdu W mWﬂﬁﬂl‘%llulose into the wax
e 1

matrix can improved the re ease rate of theop ine. The release rate of

N e Dy

(Cremophor® RH 40) into the formulation (Vevacet et al., 1994).

Shanawany (1993) evaluated the effect of the channeling agents on the release
of nitrofurantoin wax matrix. The result revealed that the channeling agent appear to
give a marked effect on the drug release. The release of drug was significantly

increased with increase in the concentration of channeling agent.
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In addition, Sato et al. (1997) reported that hydroxypropyl cellulose (HPC-SL)
was increased the release rate of diclofenac sodium wax matrix granules by swelling
ability and solubility of HPC-SL. It can observe from cracking on the surface of wax
matrix granules. Compared to use sodium chloride, indicated that no cracking was

observed on the surface of sodium chloride containing wax matrix granules.

D. Influence of Size of Pellets

The mechanism for dru ; / rent particle size fractions of solid

dispersions is very comple Ith here were no differences in the
F-' —

sulfathiazole dissolution fr o-sulfathiazole-urea solid dispersions
between the 840-2000 ' hiou and Niazi, 1971). That
smaller sieve fraction rved with dissolution of solid
dispersions of sodium v1st and Nystrom, 1988)
However, the faster diSsol ine-PVP solid dispersions was

obtained from particles 12-16 mesh size or < 145

mesh size (Sugimoto et optimal size range existed for
maximum dissolution rate - with dissolution of different size

fractions of 1ndomethacm PEG __@EW dispersion (Ford and Elliott, 1985).

Lin et al. (1996) sed t possessed higher dissolution
rates than larger particles OIMIET possessing a'meater available surface area
of drug generated may cofitvek the release of drug from solid di%ersions.

AUEINENINEIN

Shanawa%' (1993) reported that the effec of granule smvn the release of

o TG 44 T AT s e

mainly dde to the reduction in surface area of granules exposed to the dissolution
medium. Consequently, granules of 125-200 um showed the highest drug release 80%
(w/w), while granules of 300-450 pm showed the lowest release 52% (w/w) after 6
hrs.

Wang et al. (1997) reported that the diclofenac sodium release rate of pellets is
significantly higher in small-size pellets (30-35 mesh) than in large-size pellets (25-30
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mesh). This may be due to the higher diclofenac sodium loading capacity in small-

size pellets. This would result in an increased ratio of diclofenac sodium to polymer.
. 3 The Analysis of Dissolution Data of Controlled Release System

p. % | The Release Pattern of Controlled Release System

The pattern of delivery achieves by a controlled release system can vary over a

hich can deliver the drug at a

: gént. Mathematically, the release

“ﬁumm‘mw JINT
ammﬁ'ﬁ“ﬁi RTYNa Y

Square-Root of Time Model (Higuchi Model)

The second common release pattern frequently referred to as square root of
time or t'? release, provided compound release that was linear with the reciprocal of

the square root of time. The release rates then give as:
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dM; = k 2)

The release pattern of this type can be described by Higuchi equation
(Higuchi, 1963).

O=fDe QA-eCHCH'" (3)

L

unit surface area

D = // ff ‘\\\ \ o in the release medium
03

SHIC D
= 113
-h.i \

T
A = thgftotdl 3 atof he matrix per unit volume
u. \ \ e medium

$
I

The assumptlons ma &l de
1 The s /sie i'"
2 Apseu steady ¢ , ntained un 0 release

- Drug panfusles are quite smaann those in matrix.

L AUSRMNINEIRT-

Alls greater than C;_ 1. e , eXcess solute 1s present.

ﬁi RSN TORMY N8 Y

In general Higuchi’s equation is usually desired and used as in equation
0= 4)

where k = Higuchi constant
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Therefore the plot of amount of drug released from matrix versus square root
of time should be increased linearity if drug release from the matrix is diffusion

controlled.

5.1.3 First-Order Release Pattern

The release rate in first order model was proportional to active agent contained

with device. The rate was then given as:

)

where, //

(B3

First-order patternéCan beg | 6) by plotting the log of the

drug left against time (Sch curvature can be attributed to

the presence of surface drug z nd canbe ign
e -J"'

Z Ju
g ) (6)

? :
where, Q= amount of drug left ‘

ﬂummniwmm
QW’]Mﬂ'ﬁu NW’YJV]EH&IEI

Smce both first-order and square root of time plots are acceptably linear, a
more stringent test was developed to distinguish between the mechanisms. The use of
the predicted rate equations corresponding to equation (3) and (6) can be used for this

purpose as shown by the following treatment (Schwartz et al., 1968).
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Equation (3) square-root of time can be reduced to
O =k8t" (7)

where, Q = amount release = Q*S

S = surface area

-eC,)Cs]" (8)

)

This indicates tha oportional to the amount of drug

release, Q. The rate predi tics, however, is given by the

following relationship:

The plﬂ u é@%ﬂ%{ﬂ%"}xﬂm ‘ g that the release was

fitted with ngﬁ!m model. If the Elots of rates of release versus Q were linear,

i@ WHRIAF TR INYAY

52 Release Mechanism of Controlled Release System

A simple semiempirical equation (11) can be used to analyze data of
controlled release of drug under perfect sink conditions. The general form of this

equation is given by Peppas (1985).
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Mt = ktn (11)

where, M; = the fractional release of drug up to time t

Mo,
t = therelease time
k = a constant incorporating structure and geometric

e controlled release device

. ‘indicative of the mechanism of

The determinao/ ngnt, n ' Or the first 60% of the total

early times of release.

released drug (M/M.< 0.6) also a ’ \
i 1 fot -, \ ations is that which leaded to

n equals 1, which charac ) elca ~ | , avior. Table 2 summarized the

general dependence of n on fhe nal meehanism (Peppas, 1985).

Table 2 Interpretation of diffu fonal releas s m drug release data from

Xl

i
Fickian fusmn t

g ﬂ‘ﬂﬂi ¢ ‘ﬂ“ﬂ%ﬁ‘WH’ﬁPﬂ ek

thin gy‘"

Rate as a function
03

Release exponent L (n)

transport
9 RN of TN i eﬁ:ﬁj{;j;e
n>1.0 Super-Case-II transport

The empirical equation (11) could be modified for application to non-planar
geometric. The relationship between the diffusional exponent n and the corresponding
release mechanism is clearly dependent upon the geometry employed as shown in

Table 3 (Rittger and Peppas, 1987a).
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Table 3 Diffusional exponent and mechanisms of diffusional release from various

non-swellable controlled release system.

Diffusional Exponent, n Drug Release
Thin Film Cylindrical Sample | Spherical Sample Mechanism
0.5 0.45 0.43 Fickian Diffusion
0.5<n<1.00 0.45<n<1.00 0.43<n<1.00 Anomalous (non-
Fickian) transport
1.0 1.0 | 1.0 Zero-order release

In non-swellable ma ic re 0.45 and 1.00 for Fickian and

»Case-IF rawpecial case readily identified

ocity of the moving solvent front and the

Case-II transport, respecti
and characterized by
resulting linear weight gai However, i haracteristics are not as well
understood, nor are t i ir as thos¢ of Fickian diffusion. When
the value of n is > 0. et

Peppas, 1987a). A val

of time, regardless of Sty ‘ 55, ‘zero-order release can exist for any
geometry.

In swellable egn kian diffusion) and Case-
II solute release behavit jegcribed in terms of a single
porometer. Case-I traBpo \ @) coefficient, while Case-II

transport was described liy a characteristic r&laxatlon constant. Non-Fickian behavior,

by comparlsorﬁﬁﬂ\q w(ﬁ fﬁﬁ w ﬁqﬁ ﬁ§ coupling of diffusion

and relaxation phenomena.

ARSI IRIADANUIALL oo

original volume, the values of n are 0.45 and 0.89 for Fickian and Case-II transport,
respectively. When the value of n is > 0.45 and < 0.89, the release was said to be non-
Fickian (Ritger and Peppas, 1987b). When the value of n was greater than that of the
Case-II transport, the release was said to be Super-Case-II transport. Table 4
summarized the range of values of diffusional exponent n, and the released transport

mechanism for each geometry (Ritger and Peppas, 1987b). A value of n=1, mean that
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the drug release can exist for any geometry; only for slabs did this release coincide

with Case-II transport.

Table 4 Diffusional exponent and mechanisms of drug from various swellable

controlled release system.

Diffusional Exponent, n

Thin Film

Cylindrical Sample

Spherical Sample

Drug Release

Mechanism

0.5
0.5<n<1.00

0.45

0.45<n

0.43
0.43<n<0.85

Fickian Diffusion

Anomalous (non-

Fickian) transport

1.0 Case-II transport

Y]

U

y
TS W

Empirical Formula CigH2INO,HCIl g,

ammnimummmaﬂ

Molecular Weight 295.8

Chemical Name (1)(#)1-Isopropylamino-3-(1-naphthyloxy)propan-2-
ol
(2)1-[(1-methylethy)amino]-3-(1-naphthalenyoxy)-

2-propanol
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Proprietary Name Angilol; Apsolol; Avlocardyl; Bedranol; Berkolol;
Beta-Neg; Cardinol; Dociton; Frekven; Inderal;

Inderalici; Sloprolol; Tonum

Description white to off white, crystalline powder, odorless
with a bitter taste. It absorbs less than 1% of water

at 25°C at relative humidity up to 80%.

Melting Point ange 163° to 166°C

Dissolution Const:

Partition Coeffici in oot \ buffer pH 7.4 is 1.2

Solubility

Propranolol hydr ol » water and 1 in 20 of ethanol;
slightly soluble in chlorofo pr e in ether.

Stability

Y X
Propranolol hydrochloride is by light In aqueous solutions, it
decomposes with oxida*ig of the isopraBylamine side chain, accompanied by

reduction in tlﬂ%\ﬂlﬁ:}%tﬁ mlﬁswlﬂ §}ﬂo‘r§ are most stable at pH

3.0 and decomp@se rapidly under alkaline conditions.

PLALNININIINYAY

Propranolol hydrochloride has pharmacological action similar to those of other
B-blocker for treatment hypertension, cardiac arrhythmias, angina pectoris,
prophylaxis after recovery from myocardial infraction, treatment symptomatic

condition from hyperthyroidism and prophylaxis the headache from migraine.
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Propranolol hydrochloride is almost completely absorbed after oral
administration. Dosage is 20 mg to 2 gm daily in divided doses. Peak plasma
concentration is achieved at approximately two hours in fasting patient. It is highly
bound to plasma proteins about 85-95% but it has short plasma half-life 3-4 hours and
rapidly hepatic metabolism after oral administration, therefore; it needs several times

(3-4 times) by oral regimen.

Adverse Effect

apeutic range at constant condition

ﬁuﬁon 182 liters are larger than

ely 50 liters in 70 kg body

Propranolol hydroc
in plasma 20-50 pg/ml. Thea

lume of total water
VO 0 H

weight), it means drug oy deposit or N 1ssue. The clearance is 637

mL/min result in rapidly e
7 Diclofenae Sodi

Diclofenac sodium eroidal anti-inflammatory and

analgesic compound. It is widel [ of pain and inflammation.

E
ﬂuﬂaw.m WS
ammnimu INYIAY

Figure 9 The structural formula of diclofenac sodium
Empirical Formula C;H,,C;;NO,Na

Molecular Weight 318.13
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Chemical Name (1) 2-[2,6-Dichloropheny)amino]benzeneacetic —acid
monosodium salt
(2) [O-(2,6-dichloroanilino)pheny]acetic sodium salt
(3)Sodium[O-[(2,6-dichlorophenyl)amino]phenyl]acetate

Description odorless, white to off-white crystalline, slightly

hygroscopic powder.

Melting Point iclo. ’ elts at 283 to 285°C.
W /"‘

Dissociation Cons

The pKa of dicm:/ in ater is 4 ‘2 \d the partition coefficient in n-

octanol/aqueous buffe

Solubility
The aqueous solubili dfdfotenac | is dependent on pH; solubility is
poor at low values of pH but w ;"_'Ez:: pH FIscs above the pKa, rapid increases in

solubility occur (Maitan ok 1983).

——— i

The presence of Gatic 7 potassium ions) markedly affects the

solubility of diclofenac so‘hum The addltlon of sodium or potassium chloride to the

dissolution decnﬁﬂlgj g_jmwm ﬂ ﬂJowed the dissolution
of sodium chloride

rate, with the ef bemg greater

AMANINANANY AL .. ...

temperature (RT) is shown in Table 5.
Stability

Diclofenac sodium tablets film coated with polymers like acrylic and

hydroxypropyl cellulose were reported to be stable after storage for one week at 30 °C
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in 80% relative humidity. Suppository formulation was also analyzed for stability
using thin layer chromatography and ultraviolet spectroscopy. The formulation was
stable for 24 months at room temperature. Stability in biological fluid (serum) was
determined and the results demonstrated that diclofenac sodium could be frozen for at

least two weeks without degradation.

Buffered solution (pH 7.4) that contained diclofenac sodium dissolved in

either P-cyclodextrin (B-CD) or hydroxypropyl-B-cyclodextrin (HP-B-CD) were

4

prepared either in presence or a and stored in the dark. Solution from

which oxygen had been r be more stable than those with
oxygen. Although precipitati S ; ns without B-CD or HP-B-CD
during a short storage time.a I

520 days. At 71° C, in sg

of dielofenac sodium was reported after
hat contained diclofenac sodium
alone, or with B-CD or nd 34.6% diclofenac sodium

remained, respectively;

Tab ¢ sodium

Solvent Solubility (mg/ml)
Deionized water (pHS5.2) >9
Methanol ' >24
Acetone 6
Acetronitrile <1
Cyclohexine ¢ & <l
PH 1.1 ﬂ u EI‘ <l
PH 7.2 (phosphaté buffer) o

AR TANN U AR TN T E

USe and Administration (Reynolds et al., 1993)

Diclofenac has analgesic. antipyretic, and anti-inflammatory properties; it is

an inhibitor of cyclooxygenase.

Diclofenac is used mainly as the sodium salt for the relief of pain and

inflammation in conditions such as rheumatoid arthritis, osteoarthritis. ankylosing
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spondylitis, renal colic, acute gout, and following some surgical procedures. The
usual dose by mouth is 75 to 150 mg of diclofenac sodium daily in divided doses. It
may also be given rectally as a suppository in a usual dose of 100 mg each evening.
Diclofenac sodium may also be given by intramuscular injection in a dose of 75 mg
once daily or, if required in severe conditions, 75 mg twice daily. It is also used
intramuscularly in renal colic in a dose of 75 mg repeated once after 30 minutes if
necessary. In children the suggested dose by mouth or rectally for invenile chronic

arthritis is 1 to 3 mg per kg body-weight daily in divided doses.

Adverse Effects (Re eye and Li., 1990)

Due to the acti . the most frequent adverse

effects occurring wit cstinal disturbances; reactions

range from abdominaldi J - nau ’ niting, and abdominal pain to

N\

serious gastro-intestinalgblecding or . 1C wicer. Cyclooxygenase, PGF,

\,
,‘

er. Other adverse effects include

hibiting gastric acid secretion

CNS-related side effect; hea e diZ2Zies \\ vousness, tinnitus, depression,

drowsiness and insomnia. Hy Asitivit action may occur occasionally and

Y

8. 1 : m
ﬂummrﬂwmm
awwmzu‘ﬁ“ﬁnwmaa

CHZOH

Figure 10 The structural formula of glyceryl monostearate

Glyceryl monostearate is used as a non-ionic emulsifier, stabilizer, emollient
and plasticizer in a variety of food, pharmaceutical and cosmetic preparations. It acts

as an effective stabilizer, i.e. as a mutual solvent for polar and non-polar compounds,
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which may form W/O or O/W emulsions. It is also used as a lubricant and to

sustained release of active ingredients in tablet formulations.

Glyceryl monostearate is a white to cream colored, wax like solid in the form
of beads, flake or powder. It is waxy to touch and has a slight fatty odor and taste. It
can be melted at 55 - 60° C and its HLB value is 3.8. Glyceryl monostearate can
soluble in hot ethanol (95%), ether, chloroform, hot acetone, mineral oil and fixed

oils. Practically insoluble in water, but readily dispersible in hot water with the aid of

anionic or cationic agent.

9. Lubritab

Lubritab® is a mix . glyce de of fatty acids. It occurs in various forms,
e.g. fine powder, flakes, and pelleis “ e is White to yellowish-white with the
powder grades appearing whiter__ lored than the croaser grades. It can be melted at
61 — 66" C. Lubritab®c: bie in sl sufih spirit, and hot propan-2-
ol, practically insolu :‘1;'}.—— : )
) —
10.  Compritol® (Glyceryl Behenate)

AUEINBNINEINT

C(CHz)zoC[‘b

T8 mnwm%wmaa

It is a mixture of glycerides of fatty acids, mainly behenic acid. It can soluble
in chloroform, methylene chloride when heated and insoluble in ethanol, N-hexane,

water, and mineral oils. It can melted at 70 °C and its HLB value is 20.
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Glyceryl behenate is used as a lubricant (use level 1-3%), binding agent by

direct tabletting, lipophilic matrix for sustained release tablets or capsule (use level >
10%).

AUEINENINGINT
AMANTUAMINAY
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