Chapter 1

General Background
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Theophylline en. us@ bronchodilator in the
treatment of asthma. e mafetv margin of drug
range is commonly sta o6 el eit gs _. ug/ml or 10 to 20 pg/ml

which created many pzo s fsihd ' -» sined limited(Weinberger

| - \
) 'he s Pre n\ theophylline, if the

dosage interval is tog g, each single dose must be higher. This

and Riegelmsn, 19

F i el T
exceeded, increasing the ¥ —of 8 manifestation. Due to the

symtoms may be the Elsult. OT'E requenmmedications, each dose
is smaller, uﬂﬁ be so short as to
interfere m.ﬂv ihﬁ}iﬁfﬂ éjeilﬁ‘j A second problem
- with f i decides not

to take \ﬁtﬁg ﬁeiﬁlﬁ timeS of i[ﬁixﬁ ecially if

the asthma does not canse mach discomfort at that time. The most

significant factor in increasing medical awareness of theophylline is
the development of controlled release preparations of drug. Indeed,
one of the main purposes of the controlled release is to imprové
safety and minimize side effects of drug by reducing fluctuations in

drug levels.
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Matrix type tablet as well as coated tablets and particles
has been reported as an useful controlled release dosage form with
coating polymers. It can be prepared by several methods. For
example, it csn be compressed directly from the powdered mixture of
drug and polymers or tableting microcapsules or solid dispersed

particles prepared with polymer: The latter method imparts the more

& drug relesse rated to the
a&ti/!é:‘ients are coated with or

precisely cqntrolled and

T —

embedded in variou sristic permeability and

solubility properti snteric properties. The
ease with which mat¥ic irect compression and
wet granulation, fabrication costs.
This, together with other similar defects,
which can be a se ervoir systems, do not
substantially alter t matrices. This reduces

e advantages often outweigh

requirement for qﬁllty eoﬁﬁiﬁil%
5
the less desirablesgects ITIng T es—of - Sopmon matrices.

" .

il " r
Various Josage forms w1th c rolled drug relesse

characteristi H&E] ﬁﬂ? QPE] iut the controlled
release theo ine matrlces which prepsr from co—spray dried
RN “Tﬂﬁ‘ﬂ“ﬁm"?ﬂ EF“ g

shift hss been made from the use of organic solvents to the use of
aqueous film-forming polymers because of avoiding explosion hazard
and toxicity associated with solvent system and several water
dispersing polymers have become commercially availsble for sustained
releasse coating. Takeuchi, Handa, and Kawashims(1888) reported that

they could prepare the controlled release theophylline tablet with



acrylic polymers in compress system by using spray-drying technique
in aqueous system. Theophylline microspheres for matrix tablet were
prepared in various agueous polymer systems using spray-drying
technique. They found that completely enteric function was observed

with drug-to-polymer ratio of 1:3 using Eudragit L30D or L100-55.
at the 2-40% level showed good

Tablet with Eudrsgit E30D f
sustained drug release @ yo hly independent of pH of

dissolution media. h 4tab controlled release was

attributed to cont HEEP-——_—r : d polymer matrix formed by

spray-drying and sub

It was se e wprevi ‘: 0 rhtion was concerned with
37 rs and no report has
ivatives to prepare sustained
release matrices by sp y@E??E?E???IyJU, 2. In this study,therefore,
cellulose derivatives ': e and channeling sgents were
incorporated in w;«%; o7 =5 A‘*-—"_"--e rate of the drug
could be modifi 7 ‘ | < Irf various types were
selected according to their dlfference in properties and relesse

——— ﬁumwﬂ S B G o st e

classified inBé three types:
NG GO R B e
mechanishs are gradual solution and swelling with erosion.
2. Water-insoluble cellulose: Ethylcellulose which relesse
mechanisms are diffusion and dialysis.
34 pH-dependent  cellulose: Hydroxypropylmethylcellulose
phthalate whose release mechanisms are according to pH, pH dependent

erosion and diffusion at low pH.



Ease of compression, their sbility to accommodste large
percentage of drug and negligible of the processing variable on

relesse rates are some of the other reasons for their popularity.

The term so called ‘“channeling sgent” is coined by Sanghavi,

Kamath, and Amj.n( 1990) to desc 5 a2 highly water-soluble material,
& » A b and Polyvinylpyrrolidone
(PVP), that is mixed wis ess Qﬁe agent in the matrix.

These have a signifi : n the gelease rate, because chan-

N

the system to form the pore

Of
\\-
1ve agel

also the diffusion of

neling sgent is the

structure, which th to diffuse out faster

than it would hsvs

dissolution medium inGe t ~\ litated. They reported

that channeling agent 1l&d ity of matrices which followed

the same release kineties

The ehanneling agent might be called
e ..t} g7 ;

"porosigen” ¥ lli(Baker, 1987) in

— : '
which smmonium hlS experiment.
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Objectives of this study:

On the basis of the rationale mentioned above, the

objectives of this research are, therefore,

1.

to study the spray drying technique in preparation of

co-spray dried t ine-polymer and co-spray dried

theophylline ' ng agent for making
matrices -chemical properties of

these co

. to study s of these matrices.

. to study mount of different
polymers suc \ ~sothe.pHof
dissolubt matl i \1\ of drug from matrices.

. to inves . 3 \ anism of drug release

‘

from matrices."

- to explore a guide for

L.—.\

:’
develd

ing ti rélease matrices on
productEn sca m
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Litersture Reviews

1. Theophylline

Theophylline is a2 dimethylated xsnthine. Its structure

is similar to the other xanthine derivatives, i.e. , caffeine and
theobromine, which are comm in coffee, tea, cola beverages
and chocolate. natural sources,

- - | - ‘ -
theophylline is avai 1amal synthesis.

NN

Chemical name : orie ;3 —dihydro-1,3-dimethyl-
‘,=¥-imethylxanthine
Empirical formula :

Structural formmls :

AP o TR
GPERL wmﬂi
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Moleculsr weight : Theophylline monohydrate 198.18
Theophylline anhydrous  180.17

Description : - white, odorless, crystalline powder with a
bitter taste. Its saturated agueous solution

is neutral or slightly acid to litmus.



Solubility : 8.3 mg/ml in water, 12.5 mg/ml in ethsnol, 11.8
mg/ml in chloroform, and freely soluble in
solutions of alkali hydroxides and ammonia.

Melting range : 288°C - 274°C

Stability : Theophylline is stable in air. Its solutions are

le over the entire pH range.

ions(pH>12) showed

itate from agueous
ow 9 unless presents in

water solubility.

Sanghavi, Kamath, and‘ Amin, 1880). Toxic reactions occur in 75 % of

patients Witﬂ% %ﬂ %Wﬂ?er 25 pg/ml, but

are uncommon Between 15 and ‘25 pg/ml They are absent when the
o QL SR IO RN I Y B o
The conéentration under 20 pg/ml is accepted to be safe by these
investigators(Jacobs, Senior, and Kessler, 1876; Jenne et al., 1972).
Adverse effects associated with plasma concentrations above 20 upg/ml
included nsusea, vomitting, diarrhea, sbdominal pain, headache,
irritability, and insomnia(Jacobs, Senior, and Kessler, 1876; Jenne
et al.,  1972.). Seizures, brain damage, cardiac arrhythmias and

death occur at higher levels(sbove 40 pg/ml)}(Hendeles et 8l., 1877).



Several reports sugdested that the conéentration—
time profiles of theophylline cén be well described by a one-
compartment open model with first-order absorption and first-order
elimination(Gal et al., 1978; Welling et al., 1975, Malee Sae Jung,

1889). Theophylline plasma concentration after the oral

administration at any time . then described according to the

(1)

C = drug plasma cornce N\

F = fraction of the \\\ hat is absorbed.

V = apparent volume © ug in the body.

Ke,K = first order rate o) - bsorption and elimination,

A
; J‘:'j okinetic parameters

summarized by Malee ?ae Jung(18839) for Thai subjects is presented in

ek ﬂ‘lJEJWIEJVI’ﬁWEﬂﬂ’i
QW']&Nﬂ‘iﬂJ ummma 8



Table 1. Pharmacokinetic parameters of theophylline in 4 different
group after oral administration of 2.4 mg/kg body weight of

theophylline. :

Group V(L/kg) K(Hr—1) Kea
Nonsmoking males 0.484 4.55
Nonsmoking femsles O 4.97
Smoking msles 5.73
Children 4.83

1.8 / Josage X\ The ine(The United
4350

rapidly sbsorbed oral

1.3.

formulation : Capsu le

therapy: ' m :

fa itially, 4.8 mg/kg follow
by a maint%u &‘;mﬂgm hours, sadjust as
necess : t‘ Qb],'i ﬂ'ﬁ /T o dosage of
approxi E:Laﬁn m:g Tﬂurs . 7

Usual pediatric dose: Initially, 6.4 mg/ kg

08" requiring parenteral

follow by a maintenance dose of 4 mg/kg every six hours, adjust as
necessary to control symptoms with s usual optimal dosage of
approximately 6.4 mg/kg every six hours.

Note: The oral liquids sre recommended for

use in acute attacks since they produce therspeutic serum levels more



rapidly than the solid dosage forms.
1.3.2 Orsal-Extended-Release Tablets and Capsules.

Usual adult dose: Initially, 4 mg/kg every

eight to twelve hours, adjust as necessary up to 8 mg/kg every eight

hours.
same as usual sdult
dose.
2. ommercia l Lont ol e Release. ] heophvlli P10d

The infoffls; 3 o the compo ion and release mechanism
of wide variety of theopt Tine ¢ -ne “k\\he presently marketplace
have been reported as Follow(Shs s' ‘ 3)

+""J""I
b o '1 fa !

Aerolate<R> is composed =.ate?1' edated beads designed to simply

bypass the stomach

Slophylline Laboratories and

marketed by Willias

et it GO Y T TR

Slo-Bid<(R> (Nqillam H. RorrergInc.) isa modification/of an earlier

st [ e1b ok 1dubih e d bt 54 Bhet | mchotit oy

Rorrer. The shellac-theophylline matrix beads of Slophylline sre

H. Rorrer,Inc. ) consist: of inert sugsr seeds

coated with an ethyl cellulose film which is slightly modified to
assure increased permesbility as residency time in the GI trsct
progresses. Thus the product becomes more of a diffusion controlled

rather than s pH controlled release system.

Elixophyllin<R> (Berlex Lab Inc.),Theovent<(R> (Schering Corp.) and
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Theobid<(R> (Glaxo,Inc.) : All vof these products are made by KV
Lasborstories and sppesr to be identical in composition and release
pattern. This product used coating of shellac, stearic acid and

~ castor oil to slow dissolution of the theophylline.

Bronkodyl-SR(R> (Winthrop-Breo .) &and Theophyll SRCR> (McNeil

Theolair SR(R> (Ri Respid<R> (Boehringer
Ingelheim) are idemti Stainec tsblets in which

theophylline is gr L acetate phthalate and

Labid<R> (Norwich Eaton Pharmacentioals Inc.) is a long acting dye
free tsblet in whShmkﬁﬁgﬁ# Aline, is distributed in a blend

: ked with a polyalkenyl
polyether) and SLQOSe, ‘slugged & henmcompressed into non-

disintegrating tablets£rom which release is pH dependent.

FUBINBNINENI

Hue1m<R> (Rikér)(Buckton, Ganderton, hah, 1988) which consisted

« ~QRANEIUNTINY TG~

cellulode acetate. The tablet undergoes surface erosion.

Quibron<R> (Mead Johnson Lab.) is one of the most unique and
interesting sustained release products of theophylline as it contains
almost no excipient(85% drug). The patent describes a granulation

of anhydrous theophylline with 5% hydroxypropyl methyl cellulose

which is blended with 0.5% magnesium stearate and compressed
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(Shangraw, 1888). The relesse depends upon the very slow
dissolution rate of theophylline from & nondisintegrating surface.

The geometry and scoring 1is also unigue. The tablets are long and
plate-like providing scoring in both halves and thirds. The platé—

like geometry results in a grsdual change of surface area with time,

thus providing s more um.@HW/on rate.

Theodur<Rr> (Rey P i certainly the most

sucecessful of all th 1line products. Its

relatively uniform redesse ps 2-18 hour period of time

Theodur however is @lsg ofie, of the mosi nplicated products in terms
of both formulation and @ethod of ‘mapufac . It is & combination
of coated beads embedded a '57 disintegrating mstrix. The

=L -=/« e

theophylline is ﬁatﬁ m‘t’:@ e then enclosed in

variocus coating monostearate, cetyl

alcohol, beeswax) j and ‘ lm:er cellulose acetate

phthalate. ﬁ re into a slowly
d:'Lsz'.n'c.egrat1@| ﬂ:@tmi] ﬁsg ﬂn ional drug. The
releas mﬂﬁ] tﬁ( , nature of
the tabaﬁﬂig ﬁfﬁﬂaﬂﬁ of EJjblets

spite of its complexity, Theodur<R> has established a record of
constant drug delivery, which is not substantially affected by food
and pH. This product is identical to the Sustaire(R> which is

produced by Roering under license from Key.

Theo-Dur<R> Sprinkle (Key Pharmaceuticals,Inc.) consists of beads

contained within a capsule which could be opened and the contents
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emptied into food for ease of administration. However, it should be
noted that the beads in the Sprinkle product are not the same beads
used in the Theodur tasblet. Instead, Key Pharmaceuticals has chosen
to utilize one of the more modern diffusion controlled ethyl

cellnlose costing as the relesse wmechanism. This system is
;;: ?flub 1983) which deplcts the
he microspheres as the

Theo—24<R> (Searle EHE i 3 1 ¥ first product

partislly empty and

theophylline dissolve i

introduced into the mE Since its
introduction there u8: en | copsidera ontroversy as to the
sppropriateness of Suck do: ing: 1le in the regulatory agencies,
the medical community @& - cougts. Although the promotional
literature describing the’f‘r_: elease beads(Probeads(R>} is

quite elaboratet ;ny information on the

composition of ha W Lhe beads are designed

to ‘“prolong transzj t:une- does apgﬂr to be a diffusion

controlled ¢ gj hich u 1112es either shellac or
cellulose aﬁﬂ ﬁtﬁﬂﬂﬁm Subsequent
studie Zﬂ ﬁ ma more rapid
rate wa-hﬁ mﬂ}ﬁﬁ Cﬂiﬁpj mj

Uniphyll Tablets<R> (Purdue Frederick) is the most recent sustained :
release product to receive FDA approval for 24 hours dosing. These
tablets consist of grsnules of theophylline which have been prepared
with hydroxypropyl methylcellulose. The granules are coated with
cetyl aleohol and then compressed into non-disintegrating tablets.

As the cetyl alcohol is partially digested, the hydrophilic granules
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are exposed to water which cause them to swell and the theophylline
slowly dissolved out of the HPMC gel.

Controlled release theophylline products in Thailand(Oo—-
Koh, 1890.) are in two dosage forms and five brand names. The

details are shown in the Table

Table 2. Controlled 2 oducts in Thsiland

Trade name Manufacturer Distributor
Theodur > Olie
Quibron-T/SR  Tahlet Sfson Bristol-Myers
Nuilin SR .io- =t ..1. AFT

Theo-24 P 1e 200,300 Diethelm

Theolan Cap le S.Charoen Bhsessaj

ﬂ‘lJEJ’J‘VIEWI‘ﬁWEJ’]ﬂ‘i
a‘mmmm ummma 8
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3. Matrix Devices.

The literature sbout the matrix system was well
documented by Baker(1987). A matrix system, &s the name implies,
consists of drug distributed homogeneously throughout a polymer

matrix as represented in Figure

:: .
N

l

i —A’- /
m“

When the term - without qualifiecation, it

typically means that ontained does not chemically

disintegrate. =1L _the Dpolvmer docs —Crer the device-although
' = j‘
med to as an erodible,

actually a type of

bioerodible, or blogegradable system

@,um QAN INENDT. oty v
;iiiﬁiaﬁﬁﬁiﬁm‘iﬁ?l LI -

suddenly break, there is no danger of an sbrupt release of a large

amount of drug.

There are two principal categories of matrix device. IE
theAactive agent is dissolved in the polymer medium, the device is

cslled a matrix solution. A device of this kind is often used when

017432
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the active agent is a liquid; some polymers can easily dissolve up to
20% or more of these liquids. V If the active agent has a more
limited solubility in the polymer medium, then only a portion of
sgent is dissolved in the polymer medium and the remainder is

dispersed as small particles throughout the polymer. A device of

ith the material: for

exsmple, the device 2 ,in\neat id or a concentrated

surface was available f : . the; unt of drug delivered will

i

The iecond type of matrleystem consists of =g

i °’ﬁ°ﬂ“ﬁ”‘3’% S o

The characterJ. ics of matrix dlspersmn system sre llsted in Tasble

o 5 ST TR Y15 PR e o o

three tyges, which would be described latter, depending on the volume

fraction of agent in matrix.




A7/
Table 3. Chsracteristics of matrix diffusion systems
Description Homogeneous dispersion of solid drug in a polymer
mix
Advantages Easier to produce than reservoir devices

Can deliver high-molecular-weight compounds
Disadvantages Cannot obtain zero-order release
Removal of remsining mstrix is necessary for

(0-5 volume percent),
ion of the asgent in the
polymer medium foll ﬁf i fo th rface of the device.

We will call these d Sizple matr x dispersion.

At slightly hig losding levels(5-10 volume

percent), the releas hanism is =m >x, since the cavities

remaining from thel k;; rface are filled with

the X ne Vironms , and these cavities

fluid imbibed fr‘@

provide prefeired pPathways for the escaspe of material remaining

within the u EJ thmmm ﬂv’l-ﬂfi cavities are not
~ connec : form continuou! thways #£ko the surfage, but they may
‘ incregaﬁg aeiﬂ jsmni’l mmnlnﬂg aeE.Lgent in the
device. We will call these devices complex matrix dispersions.

When the loading of dispersed agent exceed 20 volume
percent, the cavities left by the loss of material are sufficiently

numerous to from & continuous channel to the surface of the matrix.

In this case, the majority of all of the active agent is released by
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diffusion through these channels. We will call these types of
device monolithic matrix systems or simply matrix - systems. The

solubility and diffusivity of the dispersed agent in the fluid

£filling the channels determines its rate of relesse.

Release from thes ix dispersion systems can be
described by pergolatio, 4 _sJ. ' oncept behlnd percolation

theory can be conveni , ' , wo—dimensional grid in

as shown in Figure 3.
(Baker,1987.)  Th / s~ tepresent, theypolymer matrix while
the filled sites are aden ’ At low loading, as
in the simple dispersi ents are well separated.

At higher loading, | i ... 2~ g ;-‘-rsion case, some small
islands of interconnec =
loading these islands gr T  : “;ﬁkvconnected to form extended
pathways. At 1z | : 2] value, continuous
channels permeate t_ | “agent particles are
connected to the cha%nels Thlsr 15 the maffix system. For the

t“°'dme“51°“ﬁ B DRI Frgomsion voe =

which almost l particles aie in contact with one another 1is an

o QI HRGTPR WA PSS o o

critical loadlng value sbove which a continuous network formed in

only 0.15(Zaller, 1877, cited by Baker,1987).
The three types of matrix dispersion sare:
3.2.1 Simple matrix dispersion

When the sctive agent concentration is in the
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2/ 3%
Simple dispersions Caomplax dispersions

L 3t

= ]
EEEREN
L ] ] -
1 - N W
- .

(\ stt}em

a,t-;q,p f a Random Distribution
- : n a Polymer Matrix.
are Shown.(Baker,1887)

Figure 3. A Two-Dim
of Agen
Agent Los
range of 0-5 volume pergent; esee\rate from these systems can

be described by a simgle/Hi _ suchi, 1961). This model

in the polymer matrix and m ‘rom the device first. When the

the interior u gjoﬁ anof jor such 8 system
have been so wﬁd the approprlate equaltion rj follows:
ol a»aﬂgmtm’mﬂ -

where Me = the mass of drug released st time t

A = the total area of the slab(both sides)
D = agent diffusion coefficient
t = time
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Ce¢my = the solubility of the agent in the polymer matrix
Ca = the total concentration of agent(dissolved plus
dispersed) initially present

The release is proportional to the square root of times.

3.2.2 Complex ix dispersion

. ﬂl is generally a good
[ ) ‘ J E . ' % .
: w dispersions containing

r, at higher loading,

low levels (<5%) of
devistions from thé occur. The rate of
release is still prgfongign; | sauiere=root of time but has a
'cribed earlier, this is

due to the presence of) ME if Yogvitias ecrested by dissolution

of particles nesr ti 7 surface; ig incresse the system’s
permeability to most subst_ sh loading doses, the drug can
form & continu apillary n ‘ ghout the polymer and

relesse is governéd b this region. Thus

equation 2 may be modified fo the complex mattix dispersion to
s

AU InenIngans

ARIasal i i

where p is the density of permeant
3.2.3 Monolithic matrix systems

At loading of = active sgent  above

spproximately 15-20 volume percent, all the agent particles dispersed
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in the polymer matrix sre in contact with one ancother. The active
agent is relessed by diffusion through the water-filled pores that
are formed =s water is imbibed from the surface of the device to

replace the active agent that leaches out.

The mat ea:tical description of relesse from

the appropriate e : y ' ility term DK in this
equation. In thid the pores formed by
dissolution of the ste substitution for

the psrtition coef

4)
to reflect the fact that RO filled inside the membrane
pores is the same 3 ly a volume fraction
€ of the membrane

¢ mThe  appropri te bstitution for  the

mﬂummmwmm
amaﬂnimmﬁﬂmmaa

where Dw is the diffusion coefficient of the agent in the fluid
filling the matrix pores and T(tortuosity) is a term reflecting the
entire distance the agent must on average diffuse to escape from the
device. Thus, the Higuchi model expression for release from a

monolithic slab is
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1
g Ok (6>

Matrices

. /ﬂ easier to produce than

reservolr systems, hey do not require a
perfectly regular an deTett-free rolling membrane. The
methods used to prod ‘ 5 de solution casting of
active sgent dispergions agent melt dispersions,

sions, &and polymerizing

N

extrusion, rubber mi
prepolymer active agentid e of technique depends

on the active agent snd

In tablet mabkix‘systelis, £he matrix is in the form of

N —————

compressed compack-containing an active ingeedigént, lubricant, filler
Vg )
or binder. The nﬁr » mﬁet—massed granules or

by direct compressa.or&.

GUAANEIINEIDS cn e
LY. 05N P YT ET“ZiiLZiT

the dispersed active agent may settle and sgdregate during the time
required to evaporsate the solvent. Casting the film onto & cold

plate eliminates this problem.

Another useful technigue for preparing & matrix

dispersion from a polymer is rubber milling followed by calendering
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or melt extrusion. If rubber milling or extrusion equipment is
unavailable or if the sample size is too small to allow the use of
such equipment, sn ordinary lsboratory press can be used. First, =
thin film of the polymer is formed and dusted with the active agent.

The film is then rolled and melt pressed a second time, and then it
r s yntil & uniform dispersion is
& ed into simple shapes;by

chloride) plastisol

is rerolled and pressed Severs
produced. The dispers:

injecting molding or i

-
The prepfra '

dispersions uses € 5 pically 100 parts of

a poly(vinyl chlori particle size 50-100
um sre mixed with 305 sble plasticizer such as
di(z—ethylhexyl)phtﬁa ' obtained, to which the
required amount of acti The mixture is then
briefly degassed under a Siigl ) m, 4 remove air bubbles, after
which it is poure . ——— e - ':k:--;_si—%--f oven at between 130

and 180 °C for apprﬁ‘ L mg this heating step,

the PVC psrticles dl.ssolve, and on subsequent cooling a PVC solid

—— fmﬂ wwﬂ%%%vﬁm[ﬂ? while containing

up- . to 50 we&ht percent of ‘the 11qu1d plastlclzer -gective material
) FYEORTIN A T4 e s
weight ?)ercent if the device was to retain good mechanical
properties. These plastisols are especially useful for preparing
matrices containing dissolved hydrophobic liquids. Similar
techniques can be used with silicone rubber or polyurethane

prepolymer dispersions.
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5. Controlled Parameters of the Matrix Svstem

Technological factors influencing releasse from controlled
release matrix tablets can be stated as; choice of polymer as matrix
material, polymer concentration, drug loading, formulstion additives,

Especislly no significant

difference is observed ignB } if ~g@se patterns from hydrophilic
matrix tsblets of differing 4«1 different hardness
(Capan, 1989). | T —

The rel ‘ 12 a

channeling agents, and shape factors.

e e
5.1 €hoiceof Matpiv Matarinl —
s

L7 3 l

B> . -
Tlﬁ matrix erisl should i be met the selection

criteria in Tﬁlﬁﬁ?ﬂsﬁ% WET@ qﬁﬁ 1988).
IR TUAMINYAE
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Table 4. The criteria in selection polymers for matrix development

1. Molecular weight, glass-transition tempersture, and
chemical functionality of the polymer must allow the
proper diffusion and release of the specific active
agent.

. Polymer functional group should not react chemically

with the active agent.

The polymer and its degradatlon product must be

N

nontoxic.
The polymer must not de D during the entire
shelf-1life. Al é

. The polymer:* ﬁ - : aptured or fabricated

into a desixg
. The cost of po 6 be expensive as to make

controlled drug vy expensive.
. It should /- 5 \\‘\‘t\\

- o W

X

ulose 1 e mos ab:gjant of all organic
materials. Ef urally occdbfri substance that has alwsys
been an impor@nﬁ i%rﬂduif Cellulose and
its de In addition, they have
many Heﬁﬁj @anﬁ muﬁﬁinﬂ Hhey can be

classified into the following categories.
1. Water soluble hydrophilic polymers
‘2. Water insoluble polymers ( pH independent )
3. Water soluble or dispersible ascidic polymers ( pH

dependent )
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A water soluble cellulose that widely used in
controlled release is hydroxypropyl methylecellulose(HPMC). HPMC is
cellulose ethers which may be used as the basis for hydrophilic
mstrices for controlled release oral delivery. HPMC is an odorless,

tasteless white or creamy-white fibrous or granular powder. It is

soluble in cold water, | ) 2 viscous colloidal solution,

insoluble in aleohol, e but soluble in mixture of
methylalcohol and medl "““-hlqlld is very stable in dry

conditions. SOW' ' 3.0-11.0. It 4=

incompatible in extr

protective colloid,

emnlsifier, suspending t gnd - stabidi >Y High viscosity grades

exposure to aqueouiﬂ ﬁﬁfe became wet and the

polymer started to Qartlally hydrated to form 2 gel layer. An

esar s 4053 PR T B e o o

followed an expansion of theigel layer when water permeated into the
core R HRF VT G YA 4 om0
dlffu31on of soluble drug through the gel basrrier. Concomitantly the
outer layers becsme fully hydrated and dissolved, a process generally
referred to as erosion. Water continued to penetrate fowarded the

tablet core until it had dissolved.

A water insoluble cellulose that is popularly used

is ethylcellulose. Recently, ethylecellulose agueous dispersions are
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available. GSurelesse(R> is one of these products. Surelease(R>
(Chang, Hsiso, and Robinson, 1887; Ghebre-Sellassie et al., 1988) is
a completely plasticized sgueous polymeric dispersion that consists
of ethylcellulose in ammoniated wster and is prepared by phase
inversion. The product is a milky liquid in which dibutyl sebscate

\I]thin the dispersed polymeric system

| /&ni&ted water is used to 'help

4 addition, the dispersion
‘—

m}xerent and facilitated

and oleic acid are incorporated

during the menufacturing
stabilize the dispe -
contains fumed sili
the spplication of

total solid cont

ethylcellulose. I icdugion; 100 g\of Surelease<®> has 17.5 g.of
ethylcellulose. \

e vl ether of cellulose and
can contain 44.0 and 51.0 Ethylcellulose

salt solutions.

) - |
of exposure. e ij subject to oxidative degfadation in the present

_ of sunlight Oﬂ[ﬁlﬁilq ﬁwmaﬂ ra-Ethylceuulose is

incompatible .W.th p wsx and microcrystalline wax. It is

¢ o o/
RN TR TECRR1INYIQ Y
q e i
The applications of ethylecellulose in controlled

relesse systems sre as followed,
A. Retarding Agent in Matrix.

Drug blending and wet granulstion with a solvent

such as alcohol produce a tablet which tends to exhibit poor
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dissolution. In tablet prepsrations of water soluble drugs such as
acetaminophen and theophylline(Shaikh, Abidi, and Block, 1887A) and
sparingly water soluble drugs such as ibuprofen =and indomethacin
(Shaikh, Abidi, =and Block, 1987B), tablets are prepared by direct
compression of solid dispersion of ethylcellulose as carrier

prolonged drug relesse. h cases the prolongation of drug

relesse is primsrily = increase in amount of

ethylcellulose rather viscosity grade. Mstrix

containing metoc lopxm"

matrix polymer she at i etween the smount of

d ethylcellulose as a

drug dissolved and“th Lroofl Of bime(Stamm and Tritsch, 1986).

film coatinﬂ u é;jeﬁﬁxﬂ %;Wﬁ’mhcorporated into

ethylcellulosé! films exhlblti? the d1ffus1on controlled release.

e e V) SFPEY S B
ethylceflu10°e—glycerylmonostearate film and the relase of drug
appeared to follow & first order kinetics(Sarisuta and Sirithunyslug,

1988).

Microcapsules of theophylline with
ethylcellulose are prepared by coacervation technique using silicon

dioxide &5 separant. Tablets are prepared from = microcapsules,
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microcapsules with  theophylline fat embedded granules, and
microcapsules with HPMC 4000. The release of drug from microcapsules
follows a first order kinetics whereas that from all tsblet

formilations is a diffusion controlled model(Parsb, Oh, and Ritschel,

1887).

captopril coated with
ethylcellulose 8,14, 93 ge directly compressed into
tablet. The rele i i first order kinetic
asccording to Higuchil (3ingh an dinson, 1988).

soluble cellulose is
hydroxypropyl met HPMCP is chemically

and physically st for at least 3 to 4

years, and st 40 ' Ve hom .1 v for 2 ‘to 3 months.

Specific i ibili S8 -‘.‘:- -- HPMCP can be used alone or
in combination kﬁtb olable binders in the
preparation of .-.1 e5 Wi -"'-E!.: e properties. The

release rate is pH &pe - degree ofﬂubstitution determined

its proper Pharmaceutical

Assmnfﬁisuﬂ'mﬂmwmeﬁ"’i"
e R DI NIA

Content(%)
Substituted
NS T i HP-45 HP-50 HP-55
Methoxy groups 18-24 20-25 18-22
Hydroxypropyl groups 5.5-8:5H 5-10 4-9
Carboxybenzoyl groups 18.5-21.0 20-24 27-35

The degree of aliyloxy and carboxvbenzoyl substitution determined its polvaer properties and
in particular the pH at which it dissclved in agueous media.
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The influence of the smount of drug incorporated in
matrix is interesting and of practical importance in the field of
controlled release tablets. This can be a very important factor, as

frequently it is desirsble to produce several tablet concentrations

of the same drug and matg' variety of dosage schedules.

By doing this, the t dependency mst first be

determined.

11(1865) showed that the
slope of the release clrvy 1 to the sgusre root
of the azmount of srs raised to the first

2! -;‘i, ‘8hown that seversl systems
of low loading type obeyed 7 iguchi square root equation, such
that the slope the initial drug

loading.

The @ewiation st very high drng loading(>30%) can be

s ﬂ JLEL AL BLYLA W BIrd T)odkconsticte contact
leads t ﬁ formatlon of c in the membrsne through which the

AT AR o e

of matrlx device.

drug ¢

5.3

Matrix additives or formulstion additives further
modify relesse rates. Simple molecules, for example, inscluble

diluents such ss tribasic cslcium phosphate or water solubles
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diluents such as lactose may modify release rates. Lapidus and
Lordi(1968) showed that the addition of lactose increased the release
rate of chlorphenirsmine more than the eguivalent amount of calcium
phosphate. The observed divergence can be explained by the
difference in solubility of the diluents and their subsequent effects

on tortuosity factor. As th

Wr—soluble diluent dissolved, it

ﬂgsity of the diffusion path

icalcium phosphate did not

diffused outwsrd and decr

of the dmg. On the :
diffuse outward, b |, within the matrix and
effected an incre i \d 119" by the fact that its
presence  necessar ‘ ration. Since the
drug was more wate ase rate was obtained by

- utilizing tribasic additive.

have described the
Vchanneling agents, into the
rizaka and Koishi(1884)

X )

showed that the ] 2 WL

matrix and improv;

matrix was improved

by the addition o 'an scrylic acid polymer: Increasing the smount

of polymer ﬂmaﬁmrﬂ Efﬁ‘j ﬂeﬂff]ﬁ etin due to the

formation of fidres and channels in the matrix res tlng from leaching
NG LS CN U LT E LRI L
utilizafiion of povidone as a channeling agent in the formulation of a
sustained-release tripelennamine hydrochloride core significantly
influenced drug relesse. It appears that channel formation is the
mechanism nnderlying the incresse in the drug dissolution rate from

cores containing the polymer.

afy
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Parab, Oh and Ritscel(1988) have shown that the
addition of wvarying  smount of mannitol or hydroxypropyl
methylcellulose into the wsx matrix improve theophylline release.
In addition, Ritschel and Udeshi(1987),cited by Capan(1988), examined
the influence of the channeling agents from theophylline matrix

tablets prepared with acryliq No difference in the amount of

drug relessed, was - found.when 1
internal phase before gZrammiation. ﬁr, addition of dextrose

after granulation 1('

increase in the smoun

6 dextrose were added to the

resulted in a8 small

C 2xemined the release of

theophylline from acrylic resin polymer
3s the retardant subs are more rapid when
microcrystalline cellﬁl “excipient and the slowest
when calcium sulfate is u ?) di. ; More recently, the
influence of ix ’_"’i_f'-,._',‘_‘ release rate of
theophylline was Remon (1988 ). They

investigated the in uence of 1actose as & soluble diluent on the

release rateﬁ’fﬂﬁ)ﬁalﬁw é’jnWth ﬂafgh matrix tablet.

The addition of)10% lactose se%med not to mfluence the release rate.
o tm GRS QR B B YDA A 020 o
30%CH,/W @id change the relesse profile. During the first hour of
release a burst effect, releasing sbout 30% of drug for a matrix with
20% lactose and about 40% of drug for & matrix with 30% lsctose was
seen. This can be attributed to erosion of tsblet’s outer layers
and delayed instsllation of anb integer gel matrix. As the water-

soluble diluent dissolves and diffuses, a decreased tortuosity and a
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higher drug release rate sre expected.
5.4 Tablet Shape

Influence of shape factors on kinetics of drug
release from  matrix tablets were investigasted by seversal

workers(Brophy and Deasy, 19873 Jambhekar and Cobby,1985' Jambhekar,

surface. The basic Hi 1/ equation may.be modified, to descrlbed

compaction pressure
from promethazine-HPM '7 7 15 '-i_ also that surface area of
tablet was related to HP
In fact a linear :elat' 3~55- 511:”_ en release rate and surface
ares. eRt iy the—Beouibe—ihdient? S| that for maximun
maintenance of contﬁal \ ukt%Eres should be as near

spherical as 90551b1e‘to produce m1n release rates.

AU AN e .
Y a1 gl

cyllnder drug molecules near the surface escape
from the device much more rapidly than do drug molecules nesr the

center, which must travel_a greater distance to reach the surface.

To overcome this problem, it will be necessary to
select a geometry that compensated the incresse in diffusional

distance with a8 corresponding increase in surface area for
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dissolution. Langer and coworkers(Sanders, 1885) have developed a
device known informally as the "Cantaloupe Matrix". In this system,

the device is shaped like half a cantaloupe from which the seeds have
been removed. The outside of the device 1is coated with an

impermesble plastic, except in the concave portion resembling the

cavity of a cantaloupe. whlch is distributed uniformly

throughout the matrix; can ce only through the concave

region, which hss than the opposite side of

.'iQ;:‘h':hde of a cantaloupe.
x\_

ihr etry, the release of the

drug is essentisldy gOnsta \\ Figuration, the src length

the device, which coz

*~ increase with increasing

distance from the >, although drug molecules

farthest from the ops $eatest distance to travel, there

are more drug molec on availsble to traverse this

distance.

8. Ana is of Dissolution D:J; ? Controlled Release

In order to snalyze the mechanism of the drug from
the matrices, the dissolution data may be analyzed using the semi-

empirical equation of Peppas(1985) given below

3
—° =™ 7
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where M«/Mw= is the fraction of drug released up to time t

t is the relesse time

k is a constant incorporating structural and geometric
characteristics of the controlled device

n is the diffusional release exponent indicative of the
mechaniém of release

| | ’,//
- The de ation o&onent n is valid for the
_ rd A—_

9

first 680% of the'tot y, which also spplied

only to the early ti

2 ;3* for msny spplicstions

is that which leaded :‘acterized zero—order

Y

release behavior. neral dependence of n on

the diffusional mechanis

. ‘.:;/-“‘ LA I

- e

" e i

L

‘' a f
Table 6. Inte i @i Fons. S isms from drug
releés :‘.’Qm ge g T‘f
9
Rel . £ » funct
ele Brugs irenspor : g C y unction
11l [ B ‘ ia .
A RTAN N SR N e
9 2.5 Fickian diffusion t-08.5
9.6 ¢ g 1.0 Anomalous (non-— tn-1
Fickisn)transport
1.8 Case-I11 transport Zero-order(time-
independent yrelease
n > 1.0 Super-Case-I1 tn-1
transport

WIBAR
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The empirical Eaquation 7 could be modified for

application Lo non-planar geometries. The relationship between the

diffusional exponent n and the corresponding relesse mechanism is

clearly dependent upon the geometry emploved as shown in table

7(Ritger and Peppas, 1987A).

ices, the wvalues of n are 0.45

., respectively. Case II

1.00, the releasse

poids — mfﬁmm Pt
from ﬁ T e systems.
TR O
e § L g | lesse
Thin #ilm _ vlindrical Spherical Mechaniem
Sample Sample
1.5 0.45 0.43 Fickian
Diffusion
0.5 «ac 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




37

In swellable controlled release systems, Case-
I(Fickisn diffusion} and Case-II solute release behaviors are unique
in that each csn be described in terms of a single parameter. Case-
I transport is described by a diffusion coefficient, while Case-II
transport was described by & chsracteristic relaxstion oonstant.

Non-Fickisn behavior, by com ;\\\ ’ &equlred two or more parameters

to describe the couplin; “- elaxation phenomens.

In en the system did not

swell more than 25% e values of n are 0.45
and 0.89 for Fickiafl a ef 11 transport espectively. When the
S gase wasisaid to be non-Fickian
(Ritger and Peppas 4987B)8 Wh ;<{£_4-\N e'of n was greater than
A said to be Super Case-
II transport. ge of values of diffusional
exponent  n, : _ :(- {44 V t mechanism for each
geometry(Ritger ;;7fl ﬁia n=1, mean that the
drug release was in  ;;--liﬂs of geométry. Thus,
zero-order release can exist for any, geometry; only for slabs did

o rotense B4 ANHNTHEIN

Table 8. lefu51onal exponent @nd mechanism of drug f various

awmmﬂmmma g|

Diffusional Exponent, n Drug

Release

Thin Film Cylindrieal Spherieal Mechznism
Sample Sample

8.5 0.45 0.43 Fickisn
Diffusion
0.5 <n< 1.06 0.45 <n< 0.89 B.43 << 0.858 Anomalous

(non-Fickian)

Transport

1.0 0.839 0.85 Case-I1
Transport
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Hogarn( 1983 exsmined the dissolution curves of the
drugs prowethszine hydroohlqride, aminophylline énd propranclol
hydrochloride with differing HPMC gquantity and concluded that as the
polymer fraction increase, the dissolution of the drug decrease. The
kinetics of drug relesse can be investigated by using Equation 7.

-¢ices appesr slightly higher values

are similar(0.85-0.71) for

. @ride, aminophylline and

phyllme(O 84> The

values of n for thes L \ values predicted for

diffusional relesse. alues o, it wo poorly soluble drugs

' \

the wvalues of n ed for Imdemethacin and diazepam merely

highly soluble drugs

c , respectively. Thus

emphasized that release f¢ Arngs 1- nt Fickian-controlled and
indicates large contributidn b igttrosion to drug release. The

snomalouns behavi with a value of n=0.45

emphasized the colip #02. Peppas(1985) did

not interpret n va es of n<0.9"bo tated t@t such occurrences are

diffusion &t &meﬂm iwe ,IQ in occur partially
POV 811 e T4 el [T

reaction with HPMC in the gel state in the hydrating matrix,

an indicatloE! of Jﬂtstlcal andlysis Ejn:'c-blems or are due to

retarding its release.

The pattern of delivery achieves by =2 controlled

release system can vary over a wide range, but most release profiles
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categorized into three types:
1. Zero-order release pattern
2. Square-root-time release pattern

3. First-order release psttern

6.2.1 Zero-order model

release device is one

(8)

where k is a constantff g7z fim he mass of active agent
released was Me. clesse is called zero-order

release model. e

are-root-of-time madel(Higuchi model)

ﬂ 9 EJ ’J‘ﬂﬁ"ﬁ ﬁﬂw\&lﬂaﬁ Byttern, frequently

referred to &k square—root—ef time or t /= re].ejse, provided
o QRGGINE BRI FHUARS) o e
rootf of e. The release rate then given as
M, =
i ]
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In contrast Lo first-order release, the relesse rate here remained
finite as the device approached exhaustion.
The release pattern of this type can be

described by Higuchi equation(Higuchi, 1863)
P 1
Q - [Z2.4-2C)C A2 (10>

e

where @ = 3 ﬁ per unit surface ares
(D= ¢ 'the release medium
g

T = tortuosisl
Cs= solubilitygfod b 5o 518 Aeten e mediun
A = concentrabio § diz »‘- ._ \+ et, expressed as g/ml
The assumptions made ded i ngfcuat -‘ as follows.
S pseudo—ste uzintained during release

2. A >3 s foresent

=
X

I

3. Thes !f ondition in which C;l_,

approximately to zeﬂ at all time.

i i
RS mmm’a‘” LR
For purﬂs-so ; ﬁt res ion 10 is usu reduced to
1
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where ku was Higuchl constant. Therefore, the plot of amount of
drug released from matrix versus the square root of time should be
incressed linesrly if drug relesse from the vmatrix is diffusion
controlled. Although the above equation was based on release from a
single face, it may be used Lo describe diffgsion—controlled release

from 211 surface matrix.

followed Higuchi mode Liguchi ﬁn was converted into

(12)
The plot of log @ ver 5 foxustnot onlyl vield a straight line,
but must have = slope of O
tern was the t£hird common
” )
typre of the release model The release rate in this case was

proportional ﬂ %E}:% mﬁ% %éw ﬁﬁ]ﬂﬁuhm the device.

The rate wss t nn Z2iven as

ammnmumgﬂmaﬂ

(13)
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where Mo was the mass of agent in the device at t+=0. Cn
rearrangement, this gsve

dM,
-z
7 My exp (14)
In first-order model, ther ate declined exponentially with
time, spproaching a re as the device approached

at the exposed surface
area of matrix time, Wagner(1969)
suggested that dr olled-release matrices

could be described | etics, thus:

(15)

where ki = first.' -Tease 1‘

Ao

initisl oun

At = amount of dpug remsining @in the mstrix at time t

soorimes ) UL INENINEDN T s
AR1IN Y JWAANYNRY

First order pattern can be predicted by plotting the ldgarithm of the
percent of drug remasining sgainst time. If first order model,
linear relationship were obtained. Sa, Bsndyopadhysy, and Gupta

(1980) reported that the initisl curvature of the plot may be
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obtained becsuse of the presence of surface drugs and they suggested

to be ignored.

Since both the square-root-of-time release
and first order relesse plots were linear, as indicated by
correlation co-efficient, it was necessary to distinguish between the

models.  The treatment was based pon use the differential forms of

wrate will be inversely

proportional to t Dun £ dru lease in accordance with
a7

where Q =@kS (S ijs The rate predicted

by first-order y l
ﬂuaqwﬂmﬁwa1ﬂi
- QR IR BB TR oo <

Tb rates of release were determined by measuring the slopes at

(18)

different points on the percent of drug release versus times curves.

The plots of rates of release versus 1/Q°
were  linear, indicating that the release was fitted with Higuchi

model . If the plots of rates of release versus Q" were linear,
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indicating that first order model was operative.

The release pattern Ffor esch classes of
device 1is illustrated in Figure 4(Baker, 1887). The release
patterns of Zero-Order, Square-root time, and First-Order sare

depicted(Equation 8, 9, and 13) respectively.

FRew] oo sn o om  FRomtoem

, ot Time Release
2 thel Same Initial Active

' |}

Figure 4. Zero—o”&ﬂ
Patterns om L
Agent Conkent.

AUINENTNEINT
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