CHAPTER I
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INTRODUCTION

gfous ailments. They are systems

that drugs arrive rapidiy a ' étion in the optimum con-

xcluded from other site,

and be rapidly remo | ﬁk\\\\H&\\\:

icated.

The édvan : ninis ’1  a‘sustained release product,
frequency with which the
patient has to take . '{ .\' 'tain the desired effect and
the second is to ext . 4rﬂ' W y throughout the night so
that the patient can sl J}IW*‘ until morning. Other advantages
are, for hospi'A»:;'ufi-- , a decrease frCthe number éf doses

A
urses and pharmacists as

administered can'h‘-
well as a saving in drug storage space. Patient acceptance of the

product whﬁ %pﬁﬂt%ﬁﬂiﬁ Wﬁg%] ﬂrﬁ%’ can sometimes be an

important aalantage of prolq?ged action dosage forms The severity of
@14 o FTHATADH B VB o
adminfltration of the medication in a prolonged action dosage form.

And a prolonged action release mechanism may produce a more constant
blood level of drug than repeated doses of a regular release ingredient

administered per day (1).

Aspirin is commonly used as antipyretic, mild analgesic

and anti-inflammatory. Its popularity as a paracetamol substitute
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has increased very rapidly mainly because of lesser untoward effects.

Aspirin is also the drug of choice for the treatment of the
rheumatic disease and may be administered high doses over prolonged
periods of time. To maintain therapeutic blood levels, a total dose

of about 100 mg per kilogram per day is devided into 4 or 6 doses.

Various a \\ : ---cts are marketed such

in is quickly available

®

in™ is aspirin tablet

as Aspirin Relay
and 50% is in sus
containing drug mi al Cash Register
process. It was re ains aspirin particles
600 mg coated with a inuous film of inert polymer,
creating Ca 6,000 mi apsules 4n’ et £3), about half of the

drug was availabl V -‘b“f alf showed prolonged

release (4). Iﬂ |
Polﬂﬁsjﬁdn W‘E':wnﬁéﬁ}ﬂﬁsystem as adjuvants,

suspending aridl emulsifying agents, adhesives, coating agents and rate
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soluble and those that are water-insoluble. This division, while not
regid, is useful in that it separates the two main areas of use which

form the basis of this account (5).

Several workers (6,7,8) have studied polymers as rate
retarding agents. Example of polymers that they studied were

polyvinylpyrrolidone (P.V.P.) and cellulose derivatives. Among



cellulose derivatives there are methylcellulose, sodium
carboxymethylcellulose, hydroxypropylmethylcellulose, hydroxypro-

pylcellulose etc.

Various methods are used to achieve sustained release products
such as

1. /mar laterial filled with a solid or liquid

walls,

2. A hetero spersic FL ¢ icles of agent in a solid
matrix, which can beffeift ‘;1:~i adab] \\~\\onbiodegradab1e and which
controls the release u{rough the matrix, by

erosion of the matrix f both diffusion and erosion.

3. A laminate ¢ ic material made by coating

a film of biodegradable o-' s able material with solid agent

and then formin;:-p 0 a i led Wsandwich" or "jelly-roll",
e v |
which controls ‘i~< »=Dy erosion, or by both,
‘i ‘ . # |
4, A hete H enous dispersion or solutfon of agent in a

e et e e e e o e s

by slow surfdne-to-center swelling of the matrix by water and consequent
diffuﬁ)wf‘l‘ﬂg&ﬂ mﬂmﬂ ﬁqﬁ tH matrix.

85. Liquid-1liquid encapsulation of the agent in a viscous
solution (syrup) of polymer, which controls release of agent by slow
diffusion through or dilution of the media.

6. Chemical bonding of the agent to a polymeric backbone, as
by pendant amide or ester linkages, which controls release of the agent

by hydrolysis.
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7. Formulation of macromolecular structures of the agent via
ionic or covalent linkages, which controls release of the agent by

hydrolysis, thermodynamic dissociation, or microbial degradation (9).

0f all these methods, a heterogeneous dispersion in a matrix

seems to be easy, convinence and cost-saving. There are various

dispersion matrices such as,« !

¢ derivatives: carboxymethylcellulose

methylcellulose, -«-.,_._ ose, plastic matrices;

polyethylene, polyvinyla @ride, soft gelating

shellac-P.E.G} polyv

Purposes of the S

1. To for: clease tablets containing
methylcellulose as
2, To study i ar weight of Methocel A
(methylcellulose) on the drug.
3. To inyvest e~the eff ent.of P.V.P. K-30 on the
release rate. y.'” ., .':;‘

- rl
of thocel A on the release

4, To -:2 the e
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rate.



Literature Reviews

1. Aspirin (Acetylsalicylic acid)

Aspirin ma d 2=acetyloky) benzoic acid or salicylic
acid acetate. The : ig ‘}.‘ A *\,h molecular weight is 180.15,

containing of 60. drogen and 35.53% of oxygen.
The chemical structur ,._i.'.‘ shown in figure 1. It is usually

prepared by acetylation of saiicy. id with acetic anhydride using

4
Aspirin iﬂnos Ystal L" sually elongated, but

orthorhombic, and t¥iglinic crystakssare encountered at times.

ﬂuEI’JVIEWI’ﬁWEI’lﬂ‘i

et ﬂ[lensity is The melting point is 135 ‘C. upon rapid
=R RN TR NY I = =
moist Air it is gradually hydrolyzed into salicylic acid and acetic
acid and acquires the odour of acetic acid. It is stable in dry éir.

The rate constant, K at 25°C is 3.27 x 10-4.

One gram of the drug dissolves in 300 ml of water at 25°C. in
100 ml water at 37°C y in 5 ml alcohol, 17 ml chloroform and 10-15 ml

ether. It is less soluble in anhydrous ether. Aspirin is decomposed



by boiling water or when dissolved in solution of alkaline hydroxides

and carbonates (10).

Aspirin has been a well known drug for almost 100 years
because of its‘gffectiveness, low price and low side effect. It is

probably still the most extensively employed analgesic-antipyretic

and anti-inflammatory agen s the standard for comparisbn

and evaluation of the

tabulated in table T

ﬂ‘HEI’J‘VIEWIﬁWEI']ﬂ’i
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Table 1: Therapeutic uses and doses of aspirin.

Therapeutic uses dose

Antipyretic adult: 325 mg ~ 1 g orally every

\ ; children: 10 - 20 mg/kg

cvﬂ'. : ~, not to exceed a total
J
--IIIIﬂF

; "
/ ’\\\

Analgesic of headache,
«\§m~norrhea, neuralgia
tipyretic

Acute rheumatic fe :» .;; otal daily dose 5 - 8 g,

— — —‘\:‘ ided doses.
Oﬂﬂr 125 mg per kg per
1

day divided doses every

NINBIDT
UN13NEIa

RhQuhatoid arthritis dose in the range 4 - 6 g per day

divided doses.

Pain of osteoarthritis 2 - 5g per day in four divided

doses.




Various aspirin prolonged release products are commercially
marketed. They are produced as tablets, coated tablets, and capsules.
Many studies of these products were reported for their effectiveness

compared to conventional tablet.

Cass et al (12) studied clinical comparison of a sustained

and regular release aspirin

ated that a single dose of the
sustained release aspi lief as effective over an

8 hours period, as i-release aspirin at

4 hours intervals at

Gotoff et . POy 5 tu d a sustained release
that sustained rel : _r:!.ﬂf \\\\ nevery 8 hours were effective
PEECS

n juverilé srheumatoid arthritis and that the

A

aspirin preparati o lre matic fever and suggested

ES

[} W,
~

i

in suppressing sympt

# ST
drug was well tolerated. ffa=t - %

Wiseman afid sig fained release aspirin

N —

tablet which was yi

th aspirin incorporated

into a restraining™matrix in one layer, and aspirin and a cornstarch

binder in ttﬁsggjﬁ ?Wrmﬂﬁconsisted of a

vegetable wa:qg uble extenders, a water—soluble binder, and a
fattylawq mﬁﬁ m WC’I 43 WEI ﬁﬂsﬂ carnauba wax
and pol§vinylpyrrolidone. It was found that the in-vitro rate of
aspirin release into acid media shown excellent correlation with the

observed in-vivo sustained characteristics.

A pilot trial of a new preparation of layered tablets of aspirin
B.P. and sustained release aspirin (Bi—prin®) was conducted by Dick-
Smith (14). He found that the preparation of sustained release aspirin

was able to produce a very satisfactory clinical response, and



adequate serum levels of salicylate, central nervous system side
effects were similar to those obtained with other forms of salicylate

in adequate dosage and gastric intolerance was minor.

Of the clinical evaluations reported, microencapsulated
aspirin has received considerable attention. Bell et al (4) compared

sustained release aspirin with ar aspirin administered as a

single dose and in divided dos and' 4 ed the blood levels as

aspirin provided by gach dOSage or@em When total salicylate

blood levels were meas -resumable producing and

‘t\\\\\\ aspirin, the sustained

release product stildfg : C N ‘results.

contributing to the

Rotstein et release aspirin for use

in the management of auma rthritis amd osteoarthritis, 1In

short-term double blind aﬁ?ﬁ{{;;ﬁ es the doses employed were

large enough so that 'Uﬂﬂéﬂééﬂa?{ : d relief from both regular

and sustained réfZase—aspiriiy——nd-—obtoivabie=ti

F)
e

two were obscurediﬂlﬂ-

ferences between the

¥

N
saﬁ studies, all the

patients who had beqp n sustained ease formulation showed better

e s L1 T RIS I EIATIS st m

medication during the night, fhus relieving morning aghes and pains of

oA RAATLBIIN AL

significantly lower with sustained release therapy.

Various studies reported (16,17,18) that gastrointestinal
blood loss can occur with different-dosage form of prolonged action
aspirin. However, significally less gastric bleeding occurred with
prolonged action aspirin formulations compared to conventional

aspirin preparations (17,18).
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2. Methylcellulose (Methocel A)

Methylcellulose is a methyl ether of cellulose containing not
less than 27.5 percent and not more than 31.5 percent of methoxy
(OCH3) groups, calculated on the dried basis. 1It's chemical structure
is shown in figure 2. Methylcellulose obtained from cotton linter or

wood pulp, is treated with caustic solution to produce alkalicellulose

which in turn is treated loride, yielding the methyl
ether of cellulose. THi : ;s purified and ground to a
fine, uniform powder s of methylcellulose are

tubulated in tabl

overed from the intestinal

L\
\

Methylcellu
tract after ingestio purposes proof that

it is stable to a wid and enzyme systems.

Methylcellulose exceptional and valuable

These include,

combination of physica perties.

a, Watefy sodubdlity . 1L dissolves dirwater in all proportions;

- Zodubibiny—it-
y@scosity.

the maximum concelﬁ
b. Organic bility 3 ain type and grades are soluble in

+ e L) S NSNS, s o

provide a unique combination ©f organic and water solubility.

R2ASRT MU URIINENA L

polyelectrolytes; therefore it will not complex with metallic salts

and ionic organics to form insoluble precipitates.
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Table 2: properties of methylcellulose (Methocel A )

12.

Physical appearance white to slightly off - white,

essentially odourless and

tasteless powders

Apparent

Browning temglrs (77190 Nl 74° - 392°F)

in a furnace a

(1292°F)

',_.r

Specific grei

W

o EHE N
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Methylcellulose also has a number of note worthly performance
properties making it useful as:

d. Thickener : It thickens both aqueous and non-aqueous
systems. The degree of thickening is related to specific product
viscosity -and chemical type.

e. Film former : It forms clear, tough, flexible films that

V%es'
e@onality as binder for

pigments, tobacco Eﬁﬂi-"—-—‘ 1"eeoating and adhesive end-uses.

are excellent barriers to

f. Binder :

g. Lubric s \friction im rubber, asbestos,

cement, ceramic ; \;;\

surface and interf . and ) ing the water phase.

ity of concrete slurries.
i. Emulsif both by reducing
Table 3 tubulat s ‘guades viscosity ranges of
substitution and typical

weight percent of Methoe ] i-_:»; Yso ed in table 4 (19),.

7 \‘ s
Coletta and R Syafto (21) reported on

the use of methyldﬂllulose and'éthylcellulose ilm to coat aspirin

particles uﬂgultivﬁtn W&Eﬁwcﬂwrﬂg'jtechnique. In this

case, the mefhiylcellulose dissolved out of the film leaving small
= RIRIAAMIINEAA
ethylce!lulose barrier left on the particle served as a restraining
barrier to maintain constant diffusional area and constant
diffusional pathlength. The results of this study, the authours
attempted to correlate the in-vitro availability rate with in vivo

absorption rate. High ethylcellulose content provided good correlation.
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- - Table 3: Various grades and viscosity ranges of Methocel A
Methocel A (grade) Viscosity range
(cps)
19
500
» 1,800
5,000
i

AuEINENINeINT
RN IUNRINYIAY
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Table 4: Degree of subsitution* and typical weight

009693

-
percent of Methocel A.
Premium aﬂd Methoxy degree of Methoxyl percent
Standard grade ution
1 S
Methocel A 2755 = 31.5
* The de o the average number of
methoxy ed per anhydroglucose
unit,
-
ﬂ ‘a
n l
-
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Water-soluble drugs dispersed in hydrophilic matrices were .
studied by Lapidus and Lordi (22). The results, using chlorpheniramine
maleate dispersed in methylcellulose, showed that the release
rate was controlled mostly by drug diffusion rather than polymeric
dissolution. Thus, even when drugs are placed in a water-soluble matrix

which will be subject to erosion, the rate-limiting step is diffusion

of drug out of the matrix, (23) employed hydrophilic
drug diffusion from a gel

barrier, at the pe ableétyuwas, rate limiting.

Some studi methylcell se, function as barrier
coated hydrophilic L .‘: 7 ) ‘ tion dosage form
» | £ was believed by (a)
ous layer, or (b) the
4F £ 08 ‘ f ter, or caused by the
combination of three mech anisms. main factors of these mechahisms

are rate of diffug ter thr e, the diffusivity of

i e

b . L)
drugs through -w g ‘ of diffusion path (24).

Sarisuta ani'grrott (25) inyestigated the influence of

ety P B ARASHEIAS . wooms stecson

~ of methylcellulose, hydroxypibpylcellulnp and guar gum. Using

sona e ibbeas EbiNabdon) Ghos bl oded V) - BBy o ene

dissolution rate to viscosity. An equation is presented relating the
dissolution rate of benzoic acid to solubility, diffusion coefficient

and viscosity for these nonionic viscosity-enhancing agents.
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3. Povidone (1-Vinyl-2-pyrrolidone polymer)

Figure 3 : The. of povidone.

Povidone yl-, homopolymer,

polyvinylpyrrolid ructure of povidone is

shown in figure

Us8.Ps XXI 1,  , .‘. ;s a synthetic polymer *
consisting of linear | ‘93:_ -:? ; ‘ one groups, the degree of
polymerization of whi“ s of various molecular
weights. cosity in aqueous solution,
relative to that: g expressed =value, ranging from 10 to

—— Y |
95. The K valu okl p 3 value of 15 or less is

) — ]

not less than 85.0 %Frcent and not more than 115.0 percent of the

nominal K—vﬂ\ﬂﬁ €3 wﬁﬂﬁa‘ Wﬂ%ﬂiﬁ a nominal K-value,

or nominal K alue range with an average of more than 15 is not less

than - W'}ﬂ*%ﬂ"‘i BRI R oo =

value average of the nominal K-value range (26).

Povidone is white to creamy white, odourless powder, It is
hygroscopic, pH of 1 in 20 solution between 3 and 7. It is soluble

in water, alcohol and chloroform, insoluble in ether (27).

Povidone is used in pharmacy as suspending and dispersing agent
usually in a concentration of 0.0l to 10.0%. It is also used as tablet

binding and granulating agent, usually in a concentration
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of 0.5 to 5% but a higher proportion may be nescessary for some
granules. It is particularly useful in the preparation of effervescent
tablets and other tablets which are highly sensitive to water since it
can be incorporated as a solution in an organic solvent such as alcohol

or isopropyl alcohol.

It is also useful in ti y ation of heat sensitive tablets
o pov1done in an organic

solvents of low boilffp dnt C3 air at ordinary tempera-

tures. It is emplo-‘ " a8 ¢ f_t_f'uv."--  Lor dyes in coloured tablet

and as a stabilisipg ag Lt _ia enzyme and salicylate

) ‘-ion with the common

tablet binding agent} ag@a ik syrup and starch paste, in tablet
formulation of 5 drugs'(a '  * ‘aspirin, magnesium carbonate,

sodium bicarbonate fdone was an effective

‘J better than the

other binding agenm (29). Iﬂ
o I B BV o v

the dissolutfﬂh rates of compeunds.of V%EKing aqueousqjolubilities.

They Q wq Mﬂ %m uﬁ qug wﬂqla E] affected by

the pre ence of relatively soluble polymer such as P.V.P., on the

and stable bindifd/

dissolution rate of drug. The more soluble the drug, the more likely it

is to be affected by the presence of P.V.P.

Numerous reports have shown the effect of P.V.P. on intrinsic
dissolution rate of solid from nondisintegrating disk. Gibaldi and
Weintraub (31) indicated that the presence of P.V.P. in the diffusion

layer would, therefore, tend to decrease the dissolution of salicylic
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acid from salicylic acid-P.V.P. compressed mixtures. By forming a
film of a high molecule P.V.P.-salicylic acid complex may form at the

interface and depress dissolution rate.

In a latter paper, Collett and Kesteven (32) reported that the

presence of P.V.P. in compressed disks composed of P.V.P. and allopuri-

4, Steari \\\
Stearie or almost odourless,

‘ ; ? \\\Q ard masses. It may be
‘ alt u‘, @\ t turation. It's melting

_M’

almost tasteless, 4
powdered by sprink

point is not below

It is insolub;l = ¥ uble in 50 parts of alcohol,

2 parts of .:.__-.
y__‘__i
i

The pu :I acid (€ ds molecular weight = 284.5.

It used as a lubricafitein making compressed tablet and as an enteric

coviing for@fu & VY WS NEL T & s ween atearine

or triethanolamine it forms a‘cream basés with 5 to 45 times its
weighﬁlﬂﬂ,’]ﬁ ADAUNRIANLNALL.... ..

vanishing creams. Free stearic acid in such creams may produce a

pearly appearance on standing. After being neutralised and dissolved

by heat in glycerol or alcohol, stearic acid will solidify

when cold with at least 10 times its weight of liquid (33).

For the experimental use of stearic acid as coating agent
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basis for sustained release tablet (34).

Kornblum and Zoglio (35) studied hydrolysis of aspirin in
combination with tablet lubricants;talcum, stearic acid, hydrogenated
vegetable oil, calcium stearate, magnesium stearate, and aluminium
stearate, in an aqueous suspension. They suggested that by using the

kinetic data obtained from t

sion study, an attempt was made

sage form. There was evidence

é acid would serve as a

.ﬁﬂhhx::;a slightly above room

to predict aspirin sta
presented to support
medium for aspirin deg;

temperature.

Dissolutiondo: { e /eompone an index of drug
availability for sol accepted. Since it is
axiomatic that the dr:_ plved state before being

absorbed into blood s
S

3
is exposed to diss i

the drug ocﬂﬁﬂ‘?ﬂﬂdﬂ %’wﬂﬂﬂﬁ the drug ultimately

produced butqﬂlso to a small degree from the intact dosage form before

RN TN IN ST Y

after disintegration. It concluded that the dissolution rate of a

Figure 4 volved when a tablet

ution flﬁid, it is eviden® that dissolution of

drug can be a rate-determining step in the absorption process. Thus,
for sparingly water soluble drugs, dissolution rate must has greater
effect on the rate of drug absorption. Consequently, dissolution rate

may affect the onset, intensity, and duration of biological response.

On the otherhand, rapid disintegration of tablet does not ensure



Tablet

Disintegration

Dissolution

pJ i

/2
,A

Granules Five
or Deaggregation
Aggregates particles
solution Dissolution
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the rapid dissolution rate of the drug, since the discrete particles
may be covered with the additives and inhibitory effect on dissolPtion
may be produced. Therefore, since 1970 U.S.P. and N.F. have provided
procedures for dissolution testing. Dissolution time of a given tablet
formulation must meet the requirement as specified in the individnal
monograph (37,38). Dissolutio»ﬁ;-st is more capable of detecting
difference between produ:~ “and dif # t lots of the same product
than is the traditional ¢t 1 &on test. However, most of
S ,_j.

he moment are still rely on
\\Y‘.\

Or, Of drug availability of

the local pharmace

tablet

disintegra

the newly develo

Dissolution : oV i td determine compliance with the
limits on "Dissolutioa' E,f St in\ the individual monograph for
tablet of capsule dosage -j#, “IE ords an objective means of
determining the dissolutﬁggai : ; ic of a solid dosage form.

Since drug absorpt lity are largely

dependent upon havin _ Fa state, suitable

) 1]

dissolution charac ristics are an important property of a satisfactory

v: "”"“"ﬂuEJ’J‘VIEWIﬁWEI’]ﬂ‘i
9 RIAINTU NN INYAE
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Dissolution Methodology :

There are a number of methods évailable for the determination
of in vitro dissolution behaviors of the solid drugs and there is no
correlation between the results obtained from each procedures.
Dissolution methodology may be classified according to a variety of

factors (39,40).

They may be ck echniques, the suspension

method or the const degree of agitation offers
another alternativ ) ‘>_n‘L:~- iey may be due to fluid

motion (laminar f Classification may be made
on the basis of c sink and sink condition).
Thus, the types of ave been developed in many
ways such as beaker fef method (42), rotating

disk method (43), bas ting flask method (45) etc.

There arg sevéral reports erature (46) on the in

vitro dissolutigi/ ffoh with in vivo

absorption or uri!ﬂry excretion.” ere 1is nag any universal in vitro

method which can on rate of the drug from the

rédfiet the absor
M1 136154 1T B
emptying, R » g o , e of the

drug from the gastrointestinal fluid.

Shah modified Levy's method and studied the correlation
between in vitro dissolution and urinary excretion of salicylate. The
release rate of the salicylic acid from various controlled release

tablet formulation was determined in simulated gastric fluid for 3 hours
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and then in simulated intestinal fluid at 37°C using U.S.P. dissolution
apparatus. The results indicated that there existed a definite
correlation between the in vitro dissolution and urinary excretion of

salicylate from the controlled release formulation (47).

Augangnineans
PRIANTUUMINYIAE
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Mechanism of Drug Release :

It is very difficult to consider systems which-rely on
diffusion or dissolution as the principal mechanism for sustained -
release. Even though we have created clear-cut divisional lines for

diffusion and dissolution, we should be aware that in practice it is

common to see both mechanisms o

‘““ﬂﬁ"’ ominant over the other. This

eyalul g these types of products,

ative in a given dosage form,
although one mechanism

can present problems “n

aismS dppear equally active, the

and for those systems whererboth mech \;
formulator is of °n g 1;;,- empi *::s'niivations.

Diffusion“ent 5 jEhe moviemeént of drug molecules from a region

of higher concentrétig 0, one of Wer concentration. Diffusion
control of drug releéase l otid k; .Spersed in an insoluble matrix
and the rate of releasé o —- ‘ Ppendent on the rate of drug
diffusion and no#, on - Tote of s fion. The appropriate

-

equation descriBil dtém has been derived by
L

Higuchi (48). ﬂ i i J
ALE BN WY NS
ARSI S fdy

D = diffusion coefficient of the drug in the release medium
Cs= the solubility of drug in the medium

E = the porosity of the matrix

g

the tortuosity of the matrix

2
1

the total amount of drugAn
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For purposes of data treatment Eq (2) is usually reduce to

Q=kt!i (eq= 3)

where k is a constant

Methods using dissolution

Sustained oral produetis| mploying dissolution as the rate-
limiting step are in pri iple ild ; .ﬂ  st to prepare. A drug with
a slow dissolution . ined, and for those drugs
with high water-soi olubility through

appropriate salt 6

There are#se th 7185 of |\ dissold on for explaining the

occurence when thefdruygs/d

solving mediums. The

simplest and least ¢o lm theory"

Solid
Stagnant

www%ﬂawns
ST e Y

X (Distance from surface)

//-_sz
g o)

g
EX

=

o
i Com&ation 3
s

Stagn
Film <

v

Bulk solution
Crystal Filit

surface boundary

Figure 5 : Top : Schematic representation of the stagnant film,

Bottom : Concentration gradient in film.
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The model as shown in Fig 5 (49, 50) assumeg that there is a
"stagnant" layer between the solid and the solution at the solid
solution interface. The concentration of this diffusion layer is
assumed to be equaled to the saturated concentration at the solid
surface, and the concentration then decreases as the distance from the

solid surface increases. At  the

d of diffusion layer, the concentra-

tion in the film is ec Therefore, the

12 he tion.
dissolution rate is_cont¥otted | &ion of the solute across

this layer. When F - 7 of | \H\\appl1ed to this diffusion-

controlled phenomeng

rate is expressed ag

7 }'.r‘?: = ( (eqp- 4)

b .’!?Wk nt of solid dissolved into

che dissolution medium.
= The surface area of solid exposed to

ﬂﬂtl’mtlm‘w’ﬁl’iﬂﬁ‘“'

- the diffusion coefficient of scolute in

’QWW ENﬁﬂ‘iﬁU HAADHHAE B

= the thickness of dissolution layer.

k = the dissolution rate constant
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