2P foms aper tn 9
tredeUicawbas ol aymeftLsin oftine
Rl psom aly Ny

. Tefnajydhydsyihmatod depms
I&oicgtomimfﬁdata‘ﬁmlof% BRI

Qe gy A dein of g e
el 7210 Rty e B




mformmma]mof
fing, wihtre folloar

ca"tsnﬂlermmtsof ae
e ﬁglm Chuy are ey pesa
NS

Indocdan
s

pd:lens ofsoba‘feds mpmrgthe sz;‘*at?/ofﬂaw

pianee 1S Lally b
BTy OfaChMinStation S corschrably l0ver

fmmasﬂvfreo

at o

;. o) Ty of aingie
foms, i linied by e elenlly of

_m  SYSAS cble to rekeese the iy & a corfart rete
e Encd e s of et Tre et i ten a corstat
fiS8UES v a gvan pericdl of

Tre tamaral taingd reese IS I conmvon Leac to cEsanlte
thet Ll ﬂEUnecnmeodeg

ahnsesd o

conarion on tre (0

elﬂH Dioosyachte o

S Snpead C
aeo%qaﬁem%

%) I a fod

bf“ﬁ%m‘%ﬂ
Anelvith o

) IIC CEMCES
m}ﬁmﬂ@swd

i)

s fre

By Wt these ypes of

oem T
VL



- SSELER i
,m Wmm S mmm MMUWW

m mmmm
mwm w.anm.m mﬁm

Mw..mm.m .LMJ
_mm,mmum \_umrwmm

.md.lum(m. B}
= =5 8.
m.dsmmm.mm.,m mm s

= mmmm mww,mmm

SEEESs naiRT e
S hmm..mm%

mmmmmwmm% f=g=rc m




TR Vol

TS ota
lic

ning e InsolLble viax ol polyer e
S R
g
e ITRnX TatAas

S OfveCRAe g AT e g0
Qs @ddsmetd. y

, 1967, Mﬂl

an -

1989




Ths

arermmc ge _ |
| Afaﬂcuar ITOS VSO VATIetIeS Of

amIBn )maﬂrast et

88888

B




S5=88 82 BERTE EE=

E P efcciasRst
sEEREEECRERREST o
mm = =1 M 2885 g =g =4
=g ETepiey o onesE
mmmmmmmmmwwwmmm 2
z mm.vm%m.ad SEESE B BE
B2 SES=opE /m\mmm

EegEER oo s B EE BoRE
EEEE=Che e SoalBas
SECE==cEfREcRricat
EEEEEE-EEhnEcERE

pr T
B mm
P
=i of=
W_wmw,
SEEE
s
B
S
E B =
5 BL8




AR

1 0

I ad

\/\udqjlmmsdﬁmdasfdl

n
rrawrta%tg
TOESI ¢
B Ut

a1

Ik (Ve

| ﬁa%l b
|
e g 0
DU e s
Ay ar oLl

R

ldi’ﬁd’ﬁi&

0t

AR A

).

§l ;

o & [k dhie

1990

1) s Fomuaion

of

T
G
Wi e\mﬁrdrtlnﬂelrterotue rémrgmayitwofﬂefuma

Mzt IS

Q

MO} AT

Bty e

B O

AL

¢

0
63 ot
(OO ek caaldalry taUet

3Tl 88N eI

=

(elty

%3

|

'aalny am (

II

U

_(rcanthen

ke, &

Ofé%‘m

U

IS ey (B

&

Areaicd N

4!

IaHe aIn
et tre

HlHl\mEUGS

.ahlﬂy
ohaemae

a Iy dsp dllovs |daarga

(Mmma namm \due) na pingy dgene

ATHT
i

Iff(r

aues) IS
q%ythe

Sraeddi

Uh &

i
B 15 (e

]

e

512—

=g



h(nalshhty ,
& [

d

() & 1 rwdly
admaoeofqilmza]m Bﬂﬁﬂwmnm

| Lot fromall s ericus, oLelity g
fiod Wk 1o el e rrmssay

I0

Y cEpercert enebdes, ut

'jMMM

HE |

HMMmm
Qutimztion Mthocs

Trerareino

cramecaicAl IncLy in e csign of(

s e

trevayinviichtreexaine

. Mg

AR et

Ths¢

] 1BLIreS
Iz oS

Ilmted |n11d
mgwiyls tren

1006 10t 1By e
e>qca1rrma1m

orlosd

.. M

ATAT Nk

e

Iz wWich relae
(@ ... )

%@B’fm
framenok “of e

In 16 ¢

-,larTHlHTa]cdm

JU

ofé )

folloniro sonve limtgd
a‘ﬂglgr[gl

TS of\maﬂestobe

|
) e

il

iscal(ﬁaﬂw



MrtHreirt izt

Tre first agroachio qoimizztion i Laing e oo Iroepencit
IYBCk, Wch assUTe rathirg oLt the nvatheatic vocHl g
& tre eqaineEin ok f(rthe(%mmres,am They ae
theredCre Irievecive nvethocs, ickally suteol o famuletion chelgiat
Inthis apreech e eaiertation s conpleted kefore te quinizztion
tae s Ths tye of aimzia) i %{% 5 by eauiagy

operaliars (BVCP and e Snplexmethoss

.. Bluticrery Qrardtion
Bolufionary uaration (EVCP) 15 8 seoLarid adinzation
tedﬁowc_ssigﬁé%l ‘mtﬁi% a.rsdﬂ%ﬂjlﬂﬂ)e
T ﬁ,lzz‘rl_ge NS %r?g a & Of opags wgyé

050N Wi 2 IR e rap of 0
mdﬁosﬂﬂaf]vﬁlg\ﬁar -erJtcL mranm)dmrg
Inte rooessing Vanatdes & WAl e sall, ad ot a|
LTt of expainents is reoessaty 10 dsan tre effet of a \ariade
fromtreexainertdl erar, Inan IrcLemal [ocess e of
amﬂrgmsmﬂlyraand:iamrm B [00ess WIF ke fun owr

L4

| of

ik SICDTBEL 1
SRS are repeete e 0. )
Atitioral cycles ae perfomved il are orYore processing \Anadles



M fﬁmqlﬁ

\Af1dles
i Todj

28885

@wwmm

DS

amler

(el

im of the ¢

Toues ) e sigicartly cifferrt

ke of the expeinertd enar is
cart effect hes been et
aulte

(LB 0 te0les hes e achocaten by R aren

qulicaion ofthis tedm

gt 5

g%t% t(l)nEt%l .

D
) te responee s nowed doge to tre qoimumialLe [t s




Figure. . Frogress oftvoertiordl Siplextonar aimim



\ARh respect to premvaceLfical form snﬂmrﬁhd
ves iz by ek G, s (. tomdwforan( mm
c&l 3, TS QI e CESntEs 6 PeCessary T s of

a'cmao]mrec the rqnete( T

ﬁ [ of em
ﬁ o o rrmmn]t}nsdlhhtyof
e o
Dot Crinizztion

\/\rdnremrd4 AR Mehok, exnertai & \aos
ot in e \aritle ctvars ae qolos tfﬂ%)rmh‘i rgﬂ*e
UMAS ofthe Iesooree \arlles Fcrtheta*mas S tye 1t s

NS et e el Detven any ceperthrt vt artd te
Creqr e Inger et vanddles ke kodn Sree mingftre vakin

the [emeoeLAcs es ke e amtofamrelalcrmm thereire
[revans fretaskofte fam tlerelajampstﬂv\em
te \anies for tre et rooess. LAl an

anpincal netraatical N ISdB\d( i1 Lﬂrg nu‘tlpi M n

(red, roned; thae IS o then Qe Inpatart \eradks, 0 e
%nrrg’tgmﬂerterlrtotmmm gaidicA chsion o

Satistical Exgerinerial cesign

Tre comgt of SasficA eqen nHTEiOSI?]
rtimizan EmicLs is e e e e aaahefcrﬂemrg
aésemnaﬂpunsmmmnreareaofmestlsmﬂedd



WREIEL

ﬁr&\gas las (&

csags

S oftre re&ttso\?rll dlwvsemajm of vanates.

Trelater crewl dlloapardomae
ﬁeeqcmnatatokmvv\hm\mdiecasec a qenfic

Pyl v sy (A é]mm m%%%ﬂg

ﬂE(Hﬁme[IHtecha

eqaerid e ,d_g m k
:gsadfcmh ahneerm ISaUe] the Satd

p(M(. cdlmi eoaerid retees

(k e et auray fram
?%Mnm? )ﬁ*e atgrgmrmmm( rrda“yslmegy
Irreclcion ofthe raticn ofananx ofegenets




22

L& & recLosd variatle X IS assooiated to each peraetr A 90

tet
)/ :m_ Z iplkan]‘.

Amax"min

a0l Aax Maly e e Mnna
WMHH\HLBQLH OeﬂerestrngW esggas}rge\ma]m

AR keven te lels . adl.. for ay e,

ﬂmﬂﬁmofamnmslsarrmma km/\s
al k cduns, - e row camresooroing toen S50

a "
guwnhmro@rmj&eﬁe lmrg"l%I Jl&lﬂaﬂ&\gﬁ
(1+++ ) ES CHTYHL: thatawqmmisna BdiaredWmﬂE
nvatrix ofegenerts isan Hoarmar manx HN. mrranxrmytﬁ
[t ety frma methoo presertedt by Pleckeie a Bmann ...

Tﬁsnam:mdldwmk saponrc. . hsrmhnl o
fomiaae e e B’ cﬂy

_ 1
AL
oo cre ctainsd SLooesshely
o R

) H)



23

) H)
P )

A1a Inl-umdrrm1xl-(l\)trenm£rofmamastrm
lestLoled acurately on trar man efedas is e dl toN-

\\Pen e reckiosd Variebles X ae L for e nan
a‘fedsa‘farmaﬂerstmlrmrrﬁ BN e

Yi=h +) +bX +hX +bX +Reide

and ifs Ceiamingtion mﬂeslfee\dtmmaf oceffion s 1€ .
emﬂnmrts 1l 3 3¢ suded fn e
Hioaard vatnx H mﬂbeuaacasan( slra

a %ﬁ Hdr&m%farm L@s WX@E}S@?

rrmmofas;stanwm CBraTRtS s an HonaT marix
e H) H)
H) )




24

Tre syyressin of e firs colum ardl of tre tree s

caesparing totte cLimmy vanicbles leecs tothe X of qenngrs

tre
exEIneistoke Aneg) vy, Forthis vatnx esch fow
Tegisan @mna’w\hleeamaiumrq}esatﬂ\eladsof%ra

2 3

Wen am :Bd(tothemgrﬂ S, of \Brales

i
[HranBtes to e Lol a cesgn dlovs areto imze e

eqlatinamadrgtothe ne:

e iroMoLA
X msm%ﬂcd serseblhsmmrqjacest”eam

Y=h+ . XX XX thX +hX
qreyintreamy +

arvlsosould el iftre propeescd ok s \alld

£l

0 Dsin

Factorial designs are widely used in experiments involving the

study of the effects of two or more factors. By a factorial design all
possible combinations of the levels of the factors are investigated. For
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Table 3. The 2... Design,

Basic Design Treatment
Run A B C D = ABC Combination
1 S | (+)
: L : ¥ ad
3 R ¥ bd
4 t 1 : ; ah
5 t 1 cd
6 + - + ; aC
1 : + t : be

, + + + + abcd
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2.2.2 Resolution IV designs

These are designs in which no main effect is
aliased with any other main effect or with any two-factor interaction, but
two-factor interactions are aliased with other. A 2.. design with | =
ABCD is of resolution 1V (21Y4-1). In this design it is impossible to
differentiate between the effects of AB and CD, BC and AD, and AC and
BD.

2.2.3 Resolution V designs

These are designs in which no main effect or
two-factor interaction is aliased with any other main effect or two-factor
interaction, but two-factor interactions are aliased with three-factor
interactions. A 2s-. design with | = ABCDE is of resolution V (2V5 D). In

this design each main effect and two-factor interaction can be identified.
2.3 Projection of Fractions into Factorials

Any fractional factorial design ofresolution R contains
complete factorial designs in any subset of R-I factors. This is an
important and useful concept. For example, ifan experimenter has several
factors of potential interest but beleives that only R-l of them have
important effects, then a fractional factorial design of resolution R is the
appropriate choice of design. If the experimenter is correct, then the
fractional fatorial design of resolution R will project into a full factorial in
the R-1 significant factors.



Central Composite Design

An experimental design for fitting a second-order model must
have at least three levels of each factor. There are many designs that
could be used for fitting a second-order model and the central composite
design is probably the most widely-used experimental design for fitting a
second-order response surface (Montgomery, 1991). This design consists
of a . k factorial or fractional factorial (coded to the usual .. notation)
augmented by .k axial points (+o,0,0, ..., o), (0,22, 0,y 0), (0,
o, a0 )y ey (0, 0,0, .., 1) and nccenter points (o, oy s o).
The basic second-order central composite design is used to estimate
curvature in a continuous response (i.e., dependent variable) according to
the model described below:

Y] = bOthjX 1+ b2X2+ ... +bkkk+  2X[X2+ ... + (). Jkx k Xk
+0, XD+ b22X2+ ...hkkX1 +

where

Y. = estimate of response (i.e., dependent variable)

X = independent variable
bo = overall mean response

bj = regression model coefficients
k

8

number ofindependentvariables
random error

The number of experimental trials (N) in a composite design is
given by:



33

N = 2KF+ 2k +¢
where

F = fraction of the full factorial
C = number ofcenterpoint replicates

The major advantage of designs ofthis type is the reduction in the
number of experimental trials required to estimate the squared terms in
the second-order model. Table 4 compares the number of experimental
trials required for a three-level factorial or fractional factorial designs and
a typical composite design with a single centerpoint (. KF+ . k + 1) for up
to five independent variables (Franz et al., 1990).

While the axial points can assume any location in the design a
specific type of central composite design, an orthogonal central composite
design, has proven to be particularly advantageous (Franz et al., 1990).
Designs of this type have the advantage of having all terms (including
squared terms) in the model orthogonal to each other and, therefore, all
effects can be estimates independently (i.e., uncorrelated estimates of the
model coefficients can be obtained). This is accomplished by locating the
axial points at a distance, a , from the centerpoint as shown in Table 5.
The design layout for a general central composite design with three
independent variables (k = 3) is presented in Table s .

The central composite design is made ratable by the choice of a.
The value of a for rotatability depends on the number of points in the
factorial or fractional factorial portion of the design; in fact, a = (nf, ..
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Table 4. Comparison of the Number of Experimental Trials Required
for a Three-Level Factorial Design (3k'F) Versus a Typical
Composite Design (2kF+ 2k +1).

Number of Independent 3kF K+ ok
Variables, k Factorial Composite
: 9 9
3 21 15
4 81 25
5 243 43
5 81a 27h

aOne-third fractional factorial three-level design (35'0)
Half fractional factorial-based design (251
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Table 5. Comparison of Axial Point Distances a for Two Types of
Composite Designs for Up to Eight Variables.

k Orthogonal Rotatable
Central Compositea Central Composite

2 10 1.414
3 1.216 1.682
4 1414 2000
5 1.596 2.378
bh 1.547 2000
; 1.761 2.828
D 1.724 2.378

1.885 2.828
oD 2.029 3.364

aAssume a single centerpoint (C = 1)
bBasic design is a half-fractional factorial

J ) 0<T3.
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Tables. Design Layout for an Orthogonal Composite Design
Where k=3 and C = L

Variable Level

Trial X] X2 X

1 -1 -1 "1

: 1 ¥ y
3 y + y

4 + ‘1 i

5 . _1 +1 25 Full Factorial
; + ! 4

! ! t +

: t + 1

9 +4 0 0

Lo ¥ 0 0

. 0 +3 0

12 0 -2 0 Axial Points or Extreme
13 0 0 +a

14 0 0 -2

15 0 0 0 Centerpoint
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yields a rotable central composite design where nf is the number of
points used in the factorial or fractional factorial portion ofthe design.

Multiple Regression in Optimization

1, First  Order Relationships Between Independent and
Dependent Variables

Ifthe independent and dependent variables are connected by
straight-line relationships, these relationships can be represented by linear
programming. Many pharmaceutical problems are problems of
opimization and many pharmaceutical relationships are linear or can be
made linear using simple mathematical transformations such as taking
logarithms. However, linear programming has received surprisingly little
attention in the pharmaceutical literature. The first stage of model-
dependent optimization is to obtain experimental data, and this is best
achieved by means of a proper statistical experimental design. The next
stage of the optimization procedure is to carry out multiple regression
analysis. This involves fitting the values of a dependent variables and the
independent variables into a polynomial equation ofthe form:

Yi=ho+ bJX1 + b, X2+ ... bkXk+

Multiple regression analysis is used to obtain the values of
the coefficients bo, b] , b2 .. .., and bk.

If interactions between independent variables are occurred,
the relationship between a response and the independent variables is
given by an equation ofthe form:
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Y] = bt B2 +HokXk+ 1k A 2.+ b KXk XK 8

Solving this equation by multiple regression gives the
values of b0, bj, 2 ..bj,.L and 12 o5 5., b".Dks respectively.

2. Second-order Relationships Between Independent and
Dependent Variables

In many cases there is a linear relationship between
independent and dependent variables, or where an interaction occurs
between them. Such a relationship sufficiently accurately reflects the
actual situation, and a first-order relationship is adequate to locate the
approximate area in which the optimum is to be found. In the great
majority of formulation problems, this is probably sufficient. If however
the relationships between the independent variables and the dependent
variables are nonlinear, then it may be advantageous to assume a second-
order relationship. In this case a suitable statistical experimental design
must be chosen such as three level factorial design or central composite
design. Multiple regression relates each dependent variable to the various
independent variables by equation:

¥1=p0+ XI 2X2.. +Dbkxk+ ]2>(jX2+ Wt
Xk-IXk + bnX 2+ b2Xx 2+ ... + +8

Multiple regression of the experimental data gives the
coefficients, the task can be facilitated by using a computer multiple
regression program. As the number of independent variables is increased,
s0 does the complexity of the second-order model used to describe them.
A system using five independent variables was described by Schwartz et
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al. in 1973 (Schwartz, Flamholz, and Press, 1973). Each dependent
variable was fitted into an equation of all independent variables. The
obtained second-order polynomial equation contained twenty-one
unknown coefficients and hence a central composite design of twenty-
seven experiments was chosen to provide sufficient data points for these
to be calculated.

Testing Hypothesis Concerning Regression Coefficients in Multiple
Linear Regression (Neter, —asserman, and Kutner, 1987)

Consider a first-order multiple regression model with k
independent variables:

Yj=00+ X 1+b2X2+ .0 k+

1. TestWhether All £=0

This is the overall F test of whether or not there is a
regression relation between the dependent variable Y and the set of
independent variables. The alternatives are:

HO:bi=b2=..=Vi="°
Ha notall bfc 0" ...>p.0) equal 0

and the test statistic is;

F*= SSR (Xt.....Xp 1/ SSE (Xt... Xp.q
P-1 n-p

= MSR
MSE
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If Ho holds, F* - FAJA wp). Large values of F* lead to
Haconclusion,

2. TestWhether a Single bk=10

This is the partial F test of whether a particular regression
coefficient bk equals zero. The alternatives are:

Hoibh”O
Ha: M 0
and the test statistic is:

Fx =SSR (XJXT XKL xKkLA, Xp.) / SSE(XIWJE p.h
1 n-p

=MSR(X A xkPxkL™ Xp.)
MSE

If Ho holds, F* ~ Fii np) « Large values of F* lead to
Haconclusion. Computer packages which provide extra sums of squares

permit use ofthis test.

An equivalent test statistic is;

s(bk)

If Ho holds, t* ~ t (np). Large values of t* lead to Haconclusion.
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Since the two tests are equivalent, the choice is usually
made in terms ofavailable information provided by the computer package
output. The values of F* and t* usually can obtain from a statistical
computer program and these values will be compared to the values
0f F(p.su: ) s F(wwp), O t(np) obtained from the statistical F-table or t-

table.

Note:
p=kt:
= the number ofthe experiments
k = the number ofthe independent variables
MSE = error mean square or residual mean square
MSR = regression mean square
SSE = error sum of squares or residual sum of squares
SSR = regression sum of square
, = sample variance

Optimization Using Search Methods

In search methods the response surfaces, as defined by the
appropriate equations, are searched by various methods to find the
combination of independent variables yielding the optimum. A search
method of optimiztion was applied to a pharmaceutical system and was
reported by Schwartz et al. (1973) . It takes five independent variables
into account and is computer assisted. It was proposed that the procedure
described could be set up such that persons unfamiliar with the
mathematics of optimization and with no previous computer experience
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could carry out an optimization study. The steps necessary to complete
such a study may be summarized as follows.

1. Select a system.
2. Select variables:
a. Independent
b. Dependent
3. Perform experiments and test product.
4, Submit data for statistical and regression analysis.
5. Set specifications for feasibility program.
« . Select constraints for grid search,
7. Evaluate grid search printout.
» . Request and evaluate related graphical plots.

The key to successful application of the experimental
optimization techniques is based on adequate experimental design. The
selection of an appropriate statistical experimental design relies on the
number of independent variables being studied and also the nature of the
relationships hetween the interested responses and those independent
variables. Increasing  the number of the studied variables results in
more experiments being performed in order to yield adequate data to
build the empirical equations of the response surfaces. The resulting data
obtained from the designed experiments are derived, usually by multiple
regression to yield a mathematical model for each response variable. The
accuracy of the equation is evaluated by the R-square or the index of
determination, which is an indication of the fit.
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For the optimization itself two major steps are used: the
feasibility search and the grid search. A feasibility program can be used
to locate a set of response constraints which are just at the limit of
possibility. One selects the several values for the responses of interest
(i.e., the responses one wish to constrain) and a search of the response
surface is made to determine whether a solution is feasible. The selected
constraints are fed into the computer and are relaxed one at a time until a
solution is found. In general, this type of computer program is designed
so that it stops after the first possibility therefore it is not a full search.
The solution obtained may be one of many possibilities satisfying among
the constraints.

The next step, the grid search is necessary if one wants to search
for alternative solutions that satisfy the constraints. By this method the
experimental range is divided into a grid of specific size and methodically
searched. Based on an input ofthe desired criteria, the program prints out
all solutions that meet the constraints. In addition to providing a printout
of each solution, the grid search program also gives the corresponding
values for the responses. At this point the experimenter can trade off one
response for another. Thus the best or most acceptable formulation is
selected from the grid search printout to complete the optimization.
Graphic approaches are also available and graphic output is provided by
a plotter from computer programs. The output includes plots of a given
response as a function of two variables while the remaining variables are
held at some desired levels. Response surface plots and contour plots are
generated in this manner.
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This approach demonstrates the fact that using only a part of this
procedure will represent a step forward over the trial-and-error method of
formula and process modification. It is not necessary to carry these
studies to completion. For example, once the designed experimentation
has been completed one might be able to accomplish the task simply by
analyzing the graphs: therefore, further mathematical treatment or search
programs will not be necessary.

Formulation of Controlled Release Solid Dispersions

In general, capsule and tablet are two oral dosage forms which
can be formulated from controlled release solid dispersions. While the
capsule dosage form is quite easy to prepare the formulator must
recognize the effects of capsule shell on the drug release rate. In another
hand, the tablet dosage form is more complicated since several factors in
tabletting can have influences on drug release from the tablets. These
factors include tablet compression force, type and amount of tablet
excipient and the method of tablet manufacturing. These factors must be
investigated thoroughly before any optimized controlled release solid
dispersion tablet formualtion can be formulated successfully.

1. Tabletting of Controlled Release Solid Dispersions

There are some limitations in fabrication controlled release
solid dispersions into tablet dosage form.

1.1 Only direct compression or dry granulation method
can be used in manufacturing of solid dispersion tablets. Wet granulation
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method involves with utilization of solvent and thus can't be used
otherwise the system of solid dispersions will be destroyed.

1.2 Since the dose of sustained release tablets
therefore the amount of any carrier being used in the solid dispersion
system is limited. Hence, the appropriate carrier of highly effective ought
to be chosen in order to lower the amount of the carrier required to be
employed.

1.3 The method of preparing solid dispersions also plays
an important role in determining the solid dispersion tablet formulation.
In general, coprecipitation method using simple evaporation and melting
method give solid dispersions of adequate dense but quite sticky while
coprecipitation method utilizing spray drying or freeze drying yields
nonstickly solid dispersions of quite bulky. The bulkiness of solid
dispersions is an important factor to be considered upon choosing the
direct compessible diluent for a solid dispersion tablet formulation.
The diluents of high density are required in the tablet formulation of high
bulk solid dispersions. Stickiness of the obtained solid dispersions is
another factor to be considered since it will cause problems in tablet
manufacturing.

1.4 The influences of tablet ingredients on drug release
must be recognized. Tablet excipients such as disintegrant, dry binder
and lubricant also have effects on drug release from the controlled release
solid dispersion tablets. Another factor which has significant effect on
drug release is compression force.

s quite hi
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Diclofenac Sodium
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Diclofenac sodium is a synthetic, nonsteroidal anti-inflammatory,
and analgesic compound. It is an odomess, white to off-white cry stalline,
slightly hygroscopic powder (Adeyeye and Li, 1990). The pKa of
diclofenac sodium in water is 4and the partition coefficient in
n-octanol/aqueous buffer pH is 134 Diclofenac sodium is poorly soluble
in acidic medium but more solubility is obtained in alkani medium. Its
melting point is about 283280 C (Windholz, 1983)

Diclofenac  sodium is completely absorbed from the
gastrointestinal tract after oral administration having the half-life of
approximately two hours (Adeyeye and Li, 1990). The usual dose of
diclofenac sodium is three times a day for a conventional 25 mg enteric
coated tablet. Sustained release diclofenac sodium tablet is available
commercially in the dose of 100 mg (Reynolds, 1989).
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Carbomer
(Carbopol 934)

Empirical Formula Molecular Weight
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Carbomer or carboxypolymethylene is a synthetic, high molecular
weight, cross-linked polymer of acrylic acid copolvmerized with
approximately  0.75-2% / of polyalkylsucrose ~ (American
Pharmaceutical Association, 1986). It is a white, fluffy, acidic,
hygroscopic powder with a slight characteristic odor. Carbomer s
available under the commercial name Carbopol. There are three varieties
of carbomer of different molecular weights and viscous capacities which
are distributed naming Carbopol 934, Carbopol 940, and Carbopol 941,
respectively. Carbomer is soluble in water, alcohol and glycerine. One
gram of carbomer is neutralized by approximately 400 mg of sodium
hydroxide. Neutralized aqueous gels of carbomer are more viscous
between pH « and pH 11. The viscosity is considerably reduced if the pH
is <3 or >12. Of the many polymers used in the formulation of
hydrophilic matrix tablets, the Carbomers occupy an important position
and are still studied.
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Chitosan
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Chitosan is generally obtained from natural chitin after
N-deacetylation by an alkaline treatment (Rinaudo and Domard, 1989).
Chitin is the second most abundant natural biopolymer, cellulose being
the most abundant. Chitin is widely distributed througout nature. The
most easily exploited sources are the protective shells of crustaceans such
as crabs and shrimp. Chitosan, being a high molecular weight polymer, is
a linear polyamine whose amino groups are readily available for chemical
reactions and salt formation with acids. Values fo pK.dgoing from s « to 7
were given in the literature. Since chitosan can be viewed as a cellulose
derivative, the primary (C-¢ ) and secondary (C-3) hydroxy groups can he
used to make derivatives. Chitosan has rather specific solution properties.

First, when in the free amine form, chitosan is not soluble in water at
neutral pH's. At acidic pH's, the free amino groups (-NH2) become

protonated to form cationic amine groups (-NH3+). Table 7 lists some key
solution hehavior of the two amine forms of chitosan (Standford, 1989).
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Table 7. Chitosan Solution Properties

Free Amine (-NH2) Cationic Amine (-NH3+)

- Soluble in acidic solutions - Soluble at pH's <6.5

- Insoluble at pH's >6.5 - Forms viscous solutions

- Insoluble in H.S0. - Solutions shear thining

- Linited solubility in HsPQ. - Forms gels with polyanions

- Insoluble in most organic solvents - Will remain soluble in some
alcohol-water mixtures

Chitosan is being evaluated in-a number of medical applications.
These include wound dressings, hemostatic agents, drug delivery
systems, and as hypocholesterolemic agent (Standford, 1989). In these
uses chitosan's key properties are: . ) biocompatibility, . ) non-toxicity, its
degradation products are blown natural metabolites, 3) Its ability to
improve wound healing and/or clot blood, 4) ability to absorb liquids and
to form protective films and coatings, 5) selective binding of acidic lipids,
thereby lowering serum cholesterol levels. In pharmaceutical field,
chitosan beads can he used as a hiocompatible matrix to deliver drugs.
Due to chitosan's ability to be depolymerized by lysozyme, an enzyme
found in various mammalian tissues, drug impregnated chitosan beads
can be used as a bioerodible system to deliver pharmaceuticals.
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Ethylcellulose
(Ethocel 10 cps)
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Ethylcellulose resins (Ethocel) result from the reaction of ethyl
cholride with alkali cellulose. Common raw materials are cotton Enters
and wood pulp. Ethylcelluose is a tasteless, free-flowing, white to light
tan powder. It is insoluble in water, glycerin and propylene glycol, but
soluble in varying degrees in certain organic solvents, depending upon
ethoxyl content. Ethycellulose is essentially non-toxic. Properties of
ethylcellulose, such as tensile strength, elongation, and flexibility, depend
largely upon the degree of polymerization, which can be measured by
viscosity. Therefore, within each type based on ethoxyl content there exist
low to high viscosity types, based on degree of polymerization. In
pharmaceutical industry ethycellulose has been used as binder in tablets,
coating material for tablets, coating material for stabilization, coating to
prevent unpleasant taste, coating for drug microcapsules, and thickening
agent in creams, lotions or gels (American Pharmaceutical Association,

Ethocel resins are identified by a number indicative of viscosity
range. They are produced and marketed in a number of different viscosity
gradients, viscosity increases as the length of the polymer molecule
increases. Ehocel Standard 10 is a product having viscosity in a range of
9-11 cps. Itisavailable in Premium grade for FDA compliance.
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Hydroxypropyl Methylcellulose
(Methocel E4M)
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Hydroxypropyl methylcellulose is non-ionic water soluble ether of
methylcellulose. Hydroxypropyl methylcellulose products are available in
various viscosity types, ranging from 5 to 15,000 cps, naming Methocel
E, F, J, and K. Hydroxypropyl methylcellulose is an odorless, tasteless,
white or creamy-white fibrous or granule powder which dissolves slowly
in cold water, forming a viscous colloidal solution. It is insoluble in hot
water, alcohol, and chloroform but soluble in mixtures of methyl alcohol
and methylene chloride ( indholz, 1983). Lower viscosity grades are
used in aqueous film coating and higher viscosity grades are used in
solvent film coating. High viscosity grades are also used to retard the
release of water-soluble drugs (American Pharmaceutical Association,
1986). Methocel E4M has viscosity in the range of 3500-5600 cps. The
Premium grades of Methocel hydroxypropyl methylcellulose products are
accepted as additives for a variety of food and drug uses.
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Methacrylic Acid Copolymer
(Eudragit RS 100)
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Methacrylic acid copoymer or polymethacrylates are prepared by
polymerization of acrylic and methacrylic acids or their esters; e.g., butyl
ester or dimethylaminoethyl ester. Several types of methacrylic acid
copolymer are available in commmercial place including type E, type L,
type , and type RS (American Pharmaceutical Association, 1986).
Eudragit RS is a anionic polymer synthesized from acrylic and
methacrylic acid ester with a low content of quaternary ammonium
groups. The ammonium groups are presented as salts and give rise to the
permeability of the lacquer films. Eudragit RS acrylic resins form water-
insoluble films with defined permeability to water and to dissolved drugs,
independent of pH values.
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Eudragit RS 100 is colorless, transparent to slightly opaque
granules with a weakly aromatic odor. It is soluble in acetone, methyl
alcohol, and methylene chlorides, as well as solvent mixtures of
approximately equal parts of acetone/isopropyl alcohol and isopropyl
alcohol/methylene cholride. Eudragit RS 100 is recommended for
application in the field of controlled drug release due to its defined
permeability to water and to dissolved drug.
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