Chapter I

General Background

Chltosan d by partial or complete

deacetylation - osan are manufactured

commercially in Lshell of crustaceans (shrimp

and crab). In have been produced for

commercial purpose starting material.

The .?‘

system have bes ‘f -f“: d chitosan have been

san in pharmsceutical

tested for dlmmtegrant efficacy botﬂ in direct compression

technique m mﬂm in wet granulation
1 885).

(Kawashima, Chitin and chitosan were observed to be
8 ] PR FLHATI B e oo
ifg or kneading the drugs with these polymers (Sawayanagi, Nambu,

and Nagai, 1982).

Chitin and especially chitosan were evaluated for their use in
controlled release preparations. Miyasaki, Ishi, and Nadai (1881)

prepared controlled release gel systems using dried gel of chitin and



chitosan: Direct compression natrii tablets of both water soluble and
water insoluble drugs using chitosan as a vehicle were prepared by
Miyazaki, Ishi and Nadai, 1981. It was reported that when chitosan was
used alone in a t-ablet formulation did not impart sustained release

preparation at low concentration. When it was used in a concentration

of 50% of tablet weight o 'osion type matrix system was formed

If more prolonged rel AW/ he combination with some type
of polymer wasyhi % applied in manufacture of
sustained releas l_ AN lation technique and by

been used to achieve the
forms. A matrix system is a
'popular method due ' tolloits" casine convenience, cost saving and

prepared by several methods.

For example, {itican be co ire om the powdered mixture

of drug and po ing nicrocmsules or solid dispersed

particle prep ‘ﬁ od imparts the more
precisely @ﬁzlbﬁwaLit ﬂ’jﬂ release rate to the
NG NP £ R Lt BT
since Qit can both simplify the process and shorten the processing
time. In addition, it offers & mean for obtaining powders with

predetermined properties such as particle size and shape (Broadhead et

al., 1892).

There has been a renewed interest in the use of spray drying

to modify the release characteristics of the pharmaceutical product



(Bodmeier and Chang, 1888 ; Takeuchi et al., 1987 : Wan et al, 1830;

Takeuchi et al., 1989 ; Leesawat , 1891).

The advantage of spray drying process in preparation of

sustained release matrices areas follows: uniform distribution of

\ ’Wrodummhty of drug release
» provision of directly

oer% flowing,and low amount of

polymer and drug con
characteristics with:
compressible co-sp

polymer required

This wor arothet feasi - study on application of
chitosan in conju \ pray drying technique to

prepare sustained r

Chitoss of deascetylation would have

different fundagental  physical 6s) such as solubility,

viscosity and r@ology( alyongks 983). Tlm‘efore, chitosan in this

experiment m %wzlwrn ious reaction time
would haveﬁfﬂe nces ﬂ eace ation then, prepared

mtrlﬁmaWTmﬂquﬂ% model drug

by spray dry technique. Release characteristics of matrices in buffer

PH 1.5 and buffer pH 6.8 were evaluated according to USP XXII.
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The aims of this study are :

1. To investigate the feasibility of preparing co-spray dried

powder of propranolol hyd 0 , oride and chitosan having different

degree of deacetylatio . and exafafe ghe ph&sico-chemical properties
— #

of these co-spray dfied powders. §

NN

\ ; \ ,of‘mat.rices prepare from
.\ \. hloride and chitosan in

. = c te \
co-spray dried pbwdec ) ,,,. -" l\\\
dissolution mediufl HAvirg difs :‘ t\\b vestigate the model and

mechanism of drug
3. To explfre as :\1- e'for developing propranclol

hydrochloride contro fi; eas rices according to compendial

specification.

-
-

r i-', ics of co-spray dried

4. To g
r"

of propranolol h chloride and chitosan mafrices by incorporation of
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Literature Review

at diffusion entails the
movement of th of higher concentration
to one of a lo E2t10h . g ase rate of drug from this

system is determin its. - f ; -olgh a polymer. There are two

occurs’ as ﬂﬁe of drug surrounded by a
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coatn‘ and alr suspension techniques have used to apply
insoluble polymeric materials to enclose a containing drug core in
tablets, while the microencepsulation process is a commonly used
procedure to coat drug particles to be incorporated into tablets or

capsules.



If the encapsulating material is selected properly,

diffusion will be the controlling process.

Some materials used as the membrane barrier coat,

alone or in combination, are hardened gelatin, methyl or

ethylcelluloses, ) : cryl'ate, hydroxypropyleellulose,

niaterial to be released is
dispersed uniform : _» the rate ontrolling polymer medium.
7 )y the loading of dispersed
agent, the nature of thé oo rie and the geometry of the device.
Thin spots, pi es and othe elects, which can be serious

stantially alter the

y
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problems with _'i

release rate fromﬁtrix dev:

There are two principal categories of matrix device.
If the active agent is dissolved in the polymer medium, the device is
call a matrix solution. A device of this kind is often used when the

active agent is a liquid, some polymer(for example, polyvinylchloride)



can easily dissolve up to 20% or more of these liquid.

If the active sgent has a more limited solubility in
the polymer medium, then only a portion of the agent is dissolved in
the polymer medium and the remainder is dispersed as small particles
throughout the polymer. A device of this type is called a matrix

dispersion.

sparing a matrix device

containing diss equilibrate it with the

material : for ked in a neat liquid or a
concentrated  sol ,; ssed ki s' of this method can be
calculated by two equation J-:-'- ..7, 987). Equation 1, which is known
as the early time aBproximation, ie for the first 60% of the

ol

release rate, -«fL- f ";.. Equation 2, which is

known as the lateﬂine approximation

ﬂusqwﬂwsw olib
amaﬂmmw ANY1aY

dmt  _ 8DMy equﬂ%{. . (2)

(1)



where L = the thickness of device
D = the diffusion coefficient
Mx = the total amount of active agent dissolved in the polymer
Ht = the amount released at time t
As equation 1 shows, clea ate decreases as t1/2 over the firs
80X of the release..; over the inder of the release the rate

type of matrix system consists of

a dispersion of so -3 2 in : e-limiting polymer matrix.
As with matrix solutio ","; : elease varies with the geometry
of the device ; i loading. Matrix dispersion

n the wolume fraction of agent

y

F’J]u Ejﬁ Zl ﬁ}ﬁiﬂﬂlﬂ; agent (0-5 vol %),
™ IR AT I NNy o e e

polymeffi medium followed by diffusion to the surface of the device.

systems are of |

in matrix. Iﬂ

These devices are called simple matrix dispersions.

A slightly higher loading levels (5-10 vol X),
the release mechanism is more complex, since the cavities remaining

from the loss of material near the surface are filled with fluid



imbibed from the external environment, and these cavities provide
prefered pathways for the escape of material remaining within the
device. At these _loading levels, the cavities are not connected to
form continuous pathways to the surface, but they may increase the

overall apparent permeability of the agent in the device.These devices

.

are called complex matrix

: of dispersed agent exceeds
20 volume %,the g \ e | \ naterial are sufficiently
numerous te f ‘ el to the surface of the matrix.
In this case, \\\ active agent is released by
diffusion thro . type of device is called
monolithic matrix itrix system.The solubility and
diffusivity of the dispe the fluid filling the channels
determines its rate

The three types of m@_nx dispersion are:

ﬂ‘lJEﬂ’J‘l’IﬂﬂﬁWEJ’]ﬂ‘i

Slmple monolithie dlspersmns

QW']MT]‘?EU UA1INYAY

When the active agent concentration
isin the range of 0-5 volume %, the release rate from these systems ca
be described by asimple Higuchi model. The model is shown

schematically in Figure 1.
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Figure = \\ lymer matrix initially
: ‘*r’ \ d"agent (Baker, 1987)
A\
.l".'.{ "' -'.l y
T _F ._7-‘
i&{ g sumes that solid agent
in the surfaced layer of | Bk in the polymer matrix

|
and diffuses ftﬂ the device first. Whe - he surface layer becomes

exhausted ﬂ ﬁeg ?wﬂ ﬂiﬁ W)Ej nTﬂ ?pleted The surface

between region contamlng dlspersed agent and the region

TR PPV U VBB i e

front.9 The validity of the model developed by Higuchi (1961) has
been experimentally demonstrated numerous times by comparing the
predicted release rate calculated from the model with the actual

experimental release rate. The release kinetics have been derived by

Higuchi.



N

dMy/dt = A [zncs(,,)co 12 for Co >> Cg(p) (3)
2 t
where Mt = the amount released at time t
A
D
Cs(m) ent in the polymer
Co
t

ﬂ'lJEI’J‘VIEWIiWH’]ﬂ’ﬁ
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1.2.2.2 Complex monolithic dispersion

The Higuchi model is generally
a good predictor of agent release for matrix polymer dispersions
containing low levels (< 5 %) of active material. However, at higher

loadings, deviations from e’ jexpected release profile occur. The

Fedid w ealier, this is due to

rate of release i

value than the

the presence of : \\:“t eated by dissolution and
diffusion of p i¢]¢ \ which increase the
system’s permeabidit of \\ t low loading, the

permeability ext - Le , s \ obtained by independent
membrane permeabili ‘ sccordance with the simple
Higuchi model. Howeveri/l: s gs of material, the apparent
permeability  increase” béchuse | igh. permeability of the

gent. Thus, equation 3

may be modified fﬂ the comp | X dlspe@mn to

ﬂumn EWEl;l p)
AR1AINT T ats i abl:

where }o is the density of the permeant

cavities left " 3ig
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1.2.2.3 Monolithic matrix system

At loadings of active agent above
approximately 15 to 20 volume %, all the agent particles dispersed in

the polymer matrix are in contact with one another. The release

hic matrix system is illustrated in

@i 15h ; active agent is released b
/‘ne ag 24

wt form as water is imbibed

ce the active agent that

diffusion through ¢t
from the surfac

leaches out.

tical description of
release from thi 0f 1~ syt tly matches equation 3
previously derived for ;-?f' “nat dispersions, the only difference

being substitution o

formed by dlSS tion o m@ thus the appropriate

R ET ﬁ‘ﬁﬁﬂ%‘wmm
QW’]Mﬂ‘ﬁEHiIW]’mEﬂaEJ

to reflect the fact that, although the fluid inside the membrane

pores is the same as the surrounding solution, only a volume fraction
€of the membrane is filled with this fluid. The sappropriate

substitution for the diffusion coefficient is
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D = b (8)

where Dw is the diffusion coefficient of the agent in the fluid
(water) filling thé matrix pore and 7 is a term reflecting the entire

distance the agent must on average diffuse to escape from the device.

Thus, the Higuchi model ‘ or release from & monolithic slsb

is

(7

utie rate will yield an

L

inherently sus 'i s Ble, then, it would seem

clease p&uet by decreasing the

dissolution rate mgc ?{Iﬂ Tﬁ?lume. This can be

done by pq riate "ssal derivative, by costing the
¢ a0 W )

e R Y TR FRY TR B v e

tablet qwith a slowly soluble carrier. Ideally the surface area

possible to pre@e sustained

available for dissolution must remain constant in order to achieve a

practice.
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The dissolution process can be considered diffusion-
layer- controlled ,where the rate of diffusion from the solid surface
to the bulk solution through an unstirred liquid film is the rate -
determining step.. ;[n this case the dissolution process at steady

state is described by the Noyes - Whitney equation :

\
= (D/h)A(Cs-C) (8)
3 _‘_

where dC/dt.

Kd

A “ "

Cs : ation ‘Solubility'of the solid

C e solute in the bulk solution
The above _i;‘— = :¥~ lution rate if the

surface area, difffusion coef ‘icient, dif&ion layer thickness and

—H iy It 12—
““amaﬂmm umwma ¢

Two common formulations relying on dissolution to
determine release rate of drug are shown in Figure 3. Most of the
products fall into two categories : encapsulated dissolution systems

and matrix dissolution systems.
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Encapsulated dissolution system can be prepared either
by coating particles or granules of drug with varying thicknesses of
slowly soluble polymers or by microencapsulation. The most common
method of microenéa.psulatim is coacervation, which involves addition
of a hydrophillic substance to a colloidal dispersion. The

as the coating material, can be

hydrophillic substance,

selected from a wi ral and synthetic polymers

adjusting the t an& lution rate of the coat. The
thickness can be i S8 jthan 1 M to 200 j4m by changing the
amount of coating matéris] ’I«iﬁn_ 7 of the total weight

fl'

f repared by compressing

the drug with ijslow y er into a tablet. There

are two ge eral "nﬂhod ymer particles :
congealing ﬁﬂﬁm Tﬂ?]congealing method,
o W’*‘f"aﬁf‘rﬁ‘mvﬁﬂmﬂm g e we
screenq! spray-congealed. In the agueous dispersion method , the

drug - polymer mixture simply is sprayed or placed in water and the

resulting particles are collected.
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Polymer membrone

Orug-polymer mafrix

using dissolution

i
Sermi-permeabl Osmotic core
mambrane Ci

AWANN IR

Figure 4 System using osmotic pump
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3. Osmotic systems

Osmotic pressure can be employed as a driving force to
generate a constant release of drug provided a constant osmotic
pressure is maintained and a few other features of the physical

a tablét consisting of a core of

drug surrounded by .a semipern exrbrane containing a small
orifice, as shown e 4 Thm will allow free diffusion
of water, but not o i ke “eal is exposed to water or any

fluid in the bod - he tablet due to osmotic

pressure differeng ,dv/dt, of water into the

tablet is

(8

where k, A and B are the m ane p rmeabalty, area and thickness,

Ziiii:ﬁii? iy tﬁzﬂi 3 1}:4] U N
AT N g T

ot1q pressure difference, and equation (8) becomes

dv/dt = (kA/h)al (10)
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Thus, the volume flow rate of water into the tablet is determined by
permeability, area and thickness of the membrane. The drug will be
pumped out of the_ tablet through the orifice at a controlled rate ,
dM/dt, equal to the volume flow rate of water into the tablet

multiplied by the drug concentration , Cy

(11)

tem is that it requires
only osmotic - essentially independent
of the enviro e can be predetermined
precisely reg: igh the GI trect. Some
materials used embrane include polyvinyl
alcohol, polyurethane, té, ethylecellulose and polyvinyl

chloride.

ﬂuawﬂmwmm

resins are water msoluble crosslink
RS T AATITIEVE B = o
polymét chain. Drug is bound to the resin by repeated exposure of the
resin to the drug in the -chromatographic column, or by prolonged
| contact of the resin with the drug solution. Drug release from the
drug resin complex depend on the ionic environment, i.e pH and
electrolyte concentration within the GI tract as well as properties

of the resin.
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Drug molecules attached to the resin are released by
exchanging with appropriately charged ion in the GI tract followed by
diffusion of the free drug molecule out of the resin. The rate of
diffusion is controlled by the area of diffusion, diffusional
pathlength and extent of crosslinking in the resin. A further

. #ﬂde by coating the drug complex.
;.

modification of release

or Resin— —.D : ! 7‘ = . Hesin Y" + W

where X~ and Y' s

A pric
of a blologlcallm active compound which mul liberate the active

compound yﬁf{g Ww ﬁrﬂdﬂnrn d?avage The primary

purpose of ving a prodrug for oral admmstratlon is to increase

mtes'ﬁ‘W”’lﬁ'\?ﬂ‘Jﬂi"ﬂfFWﬁ‘% #8136 2

The most popular method to obtain sustained release

1 J chemical modification

dosage forms is to prepare in matrix syéten, due to its easiness,

convenience , cost saving and capability mass-production.
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There has been considerable interest in recent years in
developing contrblled or sustained drug delivery systems using
chitosan. Chitosan has been examined extensively by the

and the US for its potentiaI‘ in

controlled drug deli ery systes polymer cationic character

Chitosan [ ‘. .;»r. o -2-deoxy- p-D-glucan] is easily
prepared from chitin .!sz ; with alkali. The degree of
deacetylation can bewéried accord o deacetylation process, there
are many fact :J alkali used, reaction
time, temperaturematmosp ' ‘condition anmsize of chitin particles

(Hyes, 1878)

AUt IngningIns
mﬁﬂwxrwﬁmﬁa ppusasime

and common organic solvents but soluble in acid solution.
Muzzelli,1877 has reported that chitosan is soluble in agueous
solution of formic, acetic, citrie, pyruvic, and lactic scids as well

as in glycolic, maleic, malonic, tartaric and many other acids.
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Miyasaki,Ishii and Nadai (1881) reported the use of chitin
and chitosan as vehicle for indomethacin and papaverine hydrochloride.
Sustained release of the drugs from the dried gel was obtained. Drugs

1 'ﬁ) released at a constent rate (zero-
.

dispersed in the chitosan

~Z.

prolonged release tablet
controlling the drug

release rate wefe the tablet, the physical

state of chitosan . liquid solution or gel,

and the pH of olution. When the chitosan

solution was used ‘r.sf; the drug release rate of the
“.p—".."“lf_.l .':

resultant tablet faster / than ™ wh the gel was used. The drug

release becamé WOre Proli | with nE chitosan content in the

tablet or with dg’easing pH of the issolu@:n test solution.

AUEINENINYINT
ARTRYIT I IR T = =

chitosan as a vehicle for sustained-release preparation of water

soluble drug, propranolol hydrochloride, by direct compression. Zero-

order controlled release was obtained.

Nigalaye , et al. (1930) prepared a hydrocolloidal matrix

system containing complexes of chitosan. Chitosan was investigated for
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preéaration of sustained release tablets of theophylline by direct
compression and examined in vitro. It was found that when chitosan is
used in a concentration of more than 50 % of tablet weight, an
insolsble non-ero_si;)n type matrix was formed. Tablets prepared with a

chitosan concentration of less than 33% were fast releasing. Chitosan

'used in a concentration of ,abx % acted as a disintegrant and the

sustained 3 uated.” Carbomer 834P in lower
concentrations fo Sior yPe matrix. In order to produce a

twenty-four hour . more than 10 ¥

concentrationof carb with chitosan and

carbomer-934 A hydroecolloidal

e, P .y
produced-=&lol;  releasin

SEPiX W itosan, carbomer-934P and

*} 1tosan was need

erosion type

citric acid. On to prepare theophylline

sustained release tdblets in these Mxtuﬁ ’T{ﬁa?'e, et al., 1885)

AUEINEATSH
ohito%w:jeﬁtiﬁjiﬁﬂ% pf’?w}mwlate(salt of

sustained-release tablet of furosemide by
direct compression snd wet granulation technigue by Akbuga (1933). It
was found that when the concentration of chitosonium malate increased,
the rate of release of the drug decreased. Chitosonium malate showed

sustained-release properties even at low concentrations. When the
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release data were filled to the simple power law equation , the mode

of drug release was of the non-Fickian and super csase II types.

Thanoo, Sunny and Jayakrishnan (1881) prepared cross-1inked

chitosan microsphere by the glutaraldehyde cross-linking of an

aqueous acetic acid disps f chitosan in paraffin oil using

dioctylsodiumsulpho 21ng agent. Microspheres were

prepared by incorporati 1r1n or griseofulvin. Drug

incorporation effig .could be achieved for these

\\.
ik
\

drugs. dn: v ese drugds were carried

out in simulated fluids at 37 9C. It was
observed that the influenced by the eross-
linking density, tial drug loading in the

microsphere, it offi rsﬂ+f Aeucu v 10 manipulate these parameters

to obtain a nearly zere @ he matrix.

i

Miyazaki,ln et oo prepara; sustained release of

R
Produﬁw ﬁwm ﬂ% ,d]-ﬁ ﬂmaﬁclﬂg the peak

pl asma concentratlon and maintenance of drug concentration in

plasma, the chitosan granules were superior to conventional capsules.

Shiraishi, et al. (1993) reported that controlled release of
indomethacin by chitosan—polyelectrolyte complex. The effects of the

molecular weights of chitosan hydrolysates on the release and
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absorption rate of indomethacin from gel beads were examined. The
release rate of indomethacin decreased with increasing of molecular
weight and indomethacin content. The release of indomethacin depended
upon the dispersion of the indomethacin solid particle in the beads,

as well as the porosity, tortousity and surface area of the matrix.

The plasma concentration y)hacm after oral administration of
chitosan gel beads - 1bited the sustained release

Cmax were decre A good correlation was

observed betwee san or dissolution rate

constant and t vealed that the chitosan

gel beads compos f molecular weight 25000,

might be the release preparation of

indomethacin. It "the absorption of other drugs

could be contr n_of .chitosan hydrolysate of

optimal molecul ‘ itro dissolution test.

5 mmar e
‘”“‘"%T‘ﬁ”i‘a ﬁ"ﬂlﬁm R TITTR Y

ine qranules containing sodium tripolyphosphate were stirred
in  hydrochloride solution of chitosan. During the mixing, the
dissolved sodium tripolyphosphate in the granule moved to the surface
and reacted with the chitosan, resulting in the formation of
polyelectrolyte complex film. The factors affecting the drug content,

the particle size, and the coating film thickness of the resultant
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coated granules were determined. The theophylline content in the
coated granule decreased with increasing content ratio of sodium
tripolyphosphate to theophylline in the original granule and with
increasing chitosan concentration in the coating solution. The coated

qranule size increased with increasing chitosan concentration in the

coating solution and A\l ing aqgitation speed. The coating
-film thickness increase in the chitosan
concentration, lution, and the sodium
tripolyphosphate > in the original granule
The drug-release \ les followed zero-order

kinetics and th gBse Tates were .-. Ficantly reduced compared

system can Elaver a wide range |, lﬂ

°a“g°”zf”FT‘r;l‘§]‘?ﬂ’EWl§W g7

ro-order release pattern

Qﬁﬁﬂﬁﬂ?ﬁﬁﬂ%%ﬂm Y

First-order release pattern

The a controlled release

most release profiles

1. Zero-order release pattern

An ideal controlled release device is one which can

deliver the drug at a constant rate until the device is exhausted of
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active sagent. Mathematically, the release rate from this device is

given as
dMt. — S (12)
dt
where k
t
Mt
2. (Higuchi model)

The sec » frequently referred to

as square—root-of—t" e, provided compound relesse
that was linear wi e square root of time. The

release rate th q; ‘ 7 .‘r‘

e
I }|
A iF |

(13)

ﬂﬂﬂ%ﬂaﬂ§W81ﬂi
AMIAYDIRNNINAE

release pattern of this type can be described by

Higuchi equation (Higuchi, 1983)

Q

{De(ZA{Cs) Cst{l 1/2 (14)
i
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where Q = the amount of drug released per unit surface area
D = the diffusion coefficient of the drug in the
release medium
E = .the porosity of the matrix
T = the tortousity of the matrix
= | of drug present in the
Cs dr = n the release medium

t
The assumptions s follows.
1.
2 ained during release
3. Drug particl - 3 nall than those in matrix
4. Drug.pe tributed in the matrix
5. A idFRERESEEREE )

. r!!
6. The diffusion coefficient -~"J onstant

In generalﬂfﬁxggﬁmanljﬂlga&]lﬂTred and used as in

RIAATAUNM TN
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Therefore , the plot of samount of drug released from
matrix versus square root of time should be increased linearly if

drug release from the matrix is diffusion controlled.

3. First-order release pattern

The relgasérate L/rgorder model was proportional

to active agent : ' rate was then given as

(18)

where

Fust-ordeﬁﬁﬂ fgm Ej%‘ﬁ Hﬁuﬂﬁ 17 by plotting the

log of the d left against .time (Schwgtz, et al, 8) The initial

mgl'W-}’ﬂﬁﬂﬁw /84 ooty &Iﬂ:@eﬂ drag end can

belgnoed

log W = kt + log Wo (17)

e

2.303
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where W = amount of drug left

Wo = initial amount of drug

k = first order constant

t = time

Since both.. ‘ d_square root of time plots are

acceptably 1linear ; ‘ ‘ e ‘ developed to distinguish
between the me : ‘ > \use \ predicted rate equations
corresponding - » | sed for this purpose as

shown by the fol al., 1968).

can be reduced to

(18)

where Q = Amﬂnt released = @*S
F AREIMENINEINT
ARIANEURATINGINY o

substitution , Eq. 20 can be obtained

dQ° = rate = K252 (20)
dt
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which indicates that the rate will be inversely proportional to the

amount of drug release, Q. The rate predicted by first-order kinetics,

however, is given by the following relationship :

f_' = rate = kHo—kQ' (21)

The plo > rate _of .release versus 1/Q  were linear
, indicating t h Higuchi model . If the
plots of rate linear , indicating that

first order mode
:‘ Lt TC I,ZIN‘I‘,AOI

2) can be used to analyze

data of contro V BELt sink conditions. The

general form of tms equation 1s given by Pemas (1885).

ﬂuﬂﬁﬂﬂM§wa1ﬂ§ @
ammmmumawmaa

where Mt/Hq, = the fractional release of drug
t = the release time
k = a constant incorporating structure and geometric
characteristics of the controlled release device

the release exponent, indicative of the mechanism

=}
1]

of drug release
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Use of equation 22 for the analysis of drug release data has to be
done Jjudiciously since violation of the assumptions under which this
equation was obtained may lead to unfortunate conclusions about the

mechanism of relea.se..

Equation 22 only for systems where the drug

! ﬁentratmn independent. In the
case of release fr’" ‘wll give information sbout

the transport mec in table 1 of course, the same

;.'\;\\

) ease’ from spheres and

diffusion coefficient.

equation can ] be

cylinders.

Table 1 Inte ffus: release mechanisms from

polymeric films.

‘E,

Release exponen = '{_ " | Rate(dMt/dt)

(n) anis HJ as a function of time

t-0.5

s fl e NN
0.5<n§;01ﬂ,] a q mmrmsport : r] gy

150 Case-II transport Zero-order(time
dependent) release

n>1.0 Super—Case-IT tn-1
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The exponent n may take values only greater than 0.5.
Therefore, if one obtains n < 0.5 » this is a clear indication of
statistical analysis problem. In addition, for determination of the

exponent n one must use only the initial portion of the release curve

(Mt/Moo < 0.8).
Finally, ] Zy/&m proposed for use with
; surs-through the polymeric structure

systems where d

(network). Use e'data of drug release from

porous systems 0.5 since the combined

mechanisms (diffy . swollen matrix and partially
through water-fi > release exponent toward
smaller values.

The - c}n of drug released

22

» Mt/Mt on time, can be still used for

the analysis of smllmg-controlled release systems (e.g. system based

on hydrw rir mwﬂrTﬂﬁ alcohol, poly (2-

hydroxyet m ete. as long as these systems swell

only Wﬁﬂ Q’ﬂ'ﬁ mﬁ% %%E},qoa Exjnd ). A first

estimate of applicability of this equation in swellable system is that
the system does not swell more than 25 X of its original volume

(Ritger and Reppas, 1887 a)

Case-I (Fickian diffusion) and Case II solute release

behavior in swelling-controlled release systems are unique in at each
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can be described in term of a single parameter. Case I transport is
described by a diffusion coefficient, while case-II transport is
described by a characteristic relaxation constant. Non-Fickian
behavior, by comparison, requires two or more parameters to discribe

the coupling of diffusion and relaxation phenomena.

In orde ‘ "/& dence of the value of n on

geometry, equation aS~ app -- rst 60 X of the fractional

'--.

release curve fg ki’ \ Case-II transport from a
cylinder ickiafl diffuéi \ ansport from a cylinder are
defined by n = @ 45 aic '," *\\v .%For Fickian diffusion and
Case-II transport ‘ ‘_a' r_ '7 able the exponent take the

\\

able 2 summarize the range
values of the diff ‘:? = t n and the related transport
mechanism for each g G5 tger - pas™, 1887 a).

A e of n=1 , however , meanmthat the drug release is

independent ﬁ ﬁ wgﬁﬁaﬁﬂ mmy Thus, zero-order

release c or any geo Yy only for slsbs does this relesse

AR RENTRUNINYIN Y

T 1k463p2¢
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Teble 2 Diffusion exponent and mechanism of diffusional release from

various swellable controlled release system

- Diffusion exponent,n Drug release

Thin film  Cylindrical 'ﬁ)rical mechanisn
sample S | &
J gd.
0.5 0.45 71 | \otaasy Fickian diffusion

0.5zn<1.0 0. Anomalous (non-

Fickian)transport

1.0 0.89 9 0.85"\ \ Case-II transport

In 1lable matric in order to evaluate the

dependence of 1;«4 &uation (22) was applied

to the first 8@ % of lonal &ease curve for Fickian

- BTN AN
"R TR AN AN

The relationship between the diffusional exponent n and
the corresponding release mechanism is clearly dependent upon the
geometry employed as shown in Table 3. A valve of n = 1, however,
means that the drug release is independent of time , regardless of

the geometry. Thus, zero-order release can exitst for any geometry.
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Table 3 Diffusion exponent and mechanism of diffusion release

from various non-swellable controlled release systems

Thin film

Diffusional exponent,n

0.50

0.50<n<1.00

1.0

Drug release

mechanism

Fickian diffusion
Anomalous (non-
Fickian) transport

Zero-order release

AULININTNEINS
ARIANTAUNINGIAE
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