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INTRODUCTION
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téﬂf absorption of many

‘gastro estinal tract is limited

A. Literature Reviews
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poorly water-soluble

by the rate of disso bstance (1). Therefore,

efforts have been mag lution rate of the poorly

water-soluble drugs. ised to enhance the

The methods include:-

dissolution rate of pofr iy water—selubl drugs.
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2. ' r—pattE size (7-12)
3. prgperties of the drugs
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I. Prodrug Approach

The use of derivatives to increase the aqueous solubility
of poorly water-soluble drugs has been recognized as an effective
design strategy (2). Method of drug derivation can be divided inteo

two categories: irreversible or reversible (3).

Irreversible derivatives ga are usually synthesized

for the purpose of f 77 g 4 laﬁaiolcgically active

entity processing incrga ] broader spectrum of activity,

or some other desiralde g E ed by the parent compound.

mical moiety of proven

biological activity seek to deliver them

to the site of actio inherent drawback to

the use of the parent fOomfddnd. . & jethod will focus on chemical

modification of existing whose biological effects
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are known. It ""=E;,ﬁ?::$=n—--'-‘-a=s--——-:‘--’-i;i ally reversible
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derivatives, ie, tgis- Q-trnductinn to the
i

.I
appropriate hinlngii&l system, reuert back to the parent molecule
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reversible derivative can be modified at any functiomality without
undue concern for its involvement at the receptor level., In case of
the irreversible derivative, functional group can be modified, but

it may be destroyed all biocactivity.



Two strategies can be employed to synthesize a reversible

derivative, which increasing its solubility.

(1) Introduction of an ionic or ionizable group.

The synthesis of an ionic or ionizable derivative of a poorly

strategies.
TABLE 1 Ethples e i - ¥psefor Drug D-X
X = OH
0
I -
Hemisuccinates ——caz—c--n
Phosphates
Dimethylaminoace gces STy ( ze(malz
,.F-a'
) T W+
Amino acid esters D—G— —C|
8 =g “ﬂdﬁ?ﬂ’ﬁﬁﬂﬂﬁw Ellﬁﬂ’a'
X = COOH
Chnline sters —P —CH H(CH3}3
T‘I H
-dimethylamonoethyl esters D—-{.—{}Gﬂz—cﬂz—q(cﬂl,‘}z

Amino acid esters D—[—T—GIH—-CUG
H R

(R = amino acid side chain)



TABLE 1 1lists some progroups used for synthesis the ionic

or ionizable derivatives of poorly water-soluble drug (2)

The basis for this approach is well-known as solubility-PH

relationships for weak acids and bases,

and for bases

BH ;‘-

ghia SRR L T gl s (3)
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Kb- [BH+ GH- 'liititititil‘*“"(4)
[B]

Kw = [HT] [OHT] T - g e (5)



Hence Eb = Kw i b~ L (6)
Kﬂ'
So = SB

= So (1 +JulEEE. ....c000000000 P
However, bobime ‘on& on lywhoddstip to the point where the
total solubility appra jaf ‘@f theéwionic species. The complete
curves is obtained L 24%, azdinal tanthat above for salt
form for acids.
Sﬁ =
ST = ot
Sp = e .. (8)
and bases
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Figure 1 shows the general shape of the curves of solubility-pH

profile for an acid.

Figure 2 shows the solubility-pH profile for the case in which

both acid and salt have equal solubilities.
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Figure 2 : Solubility-pH profile for the case

in which both acid and salt have equal solubilities



The maximum solubility occurs at pH = pKa and is twice of So. At
this point equal amount of ionized and un-ionized species are in
solution. A change in pH in either direction results in a reduction
of solubility and precipitation of either the acid or salt as shown

in figure 2.

The basi 2 \ LSSLhatSin order to dissolve,

molecules must b 5 o -arystal, Yac ciee Any modification

which reduces th sl 1 1artive SE o, N ince melting point, would

It has been fo ... btk elationship between ideal

solubility, melting puint =i d by the equation (2)

where 50’ TH* c am ideal solubilicy (m!ml ) melting point ( °C)

and experi ‘ m tion shows that
a decreasemﬂﬁil;ﬂﬂvl[ﬂ d ﬂ:jse the solubility
by a ,T 0. ‘m ‘ ﬁ olubility
to eamg ﬁ&aﬁmi n IL&TT xjasuumptinn

is made that solubility in octanol is given by equation (10), and
interpreting the partition coefficient between octanol and water as

a solubility ratio So/Sw, the aqueous solubility Sw can be

calculated.



log PC = log So
Sw
log Sw = log Sn = T PE T Ghaeee e sdie (11)

and using Equation (10)

log Sw 0.01T B eosnes (12)

where PC is the octanolfwater pa é&fﬂcient Ty the melting

tal constant.

The beaut Pyt Ea i i prebably in its simplicity

and utility, with gient and melting point

"I-.

dependence of soluk £ "‘g In making derivatives

of a drug, then the ubility will result directly

yle to choose a derivative

that increase PC (hence s _;"- Sw) while reducing melting point,
TR A

with the net efifeet of ine ing Sw g to melting point

ts may be considered.

(1) Shouldsthermal decompgsition of a compound begin to

sccur prmﬂou&l’l AN I NE AR rotne voutd ot

be a true reflactiun of the €rystalling,forces and gensequently its
RS RSL AN

(2) High melting point drug would be the best candidate

for this strategy, since the melting point coefficient in Equation

(10) is only -0.01.



Examples of the first strategy, introduction of an ionic or
ionizable group to the prodrug. The numerous steroid phosphate
esters are typical examples. The more soluble phosphate ester salt
is reconstituted prior to administration and is subsequently

enzymatically hydrolyzed to the active agent in body fluids (2).

le qualities of both good

chemical stability and®geod b i . iﬂbility. Phosphate group
v | —
is also the most comm s Sroug, to, increase the solubility

of prodrug. Succigafe gf 4/ represen second .common progroup
used in solubilizg { é‘g ;‘"?- st ity appears to be
satisfactory, the ] ".:;r " ild N{;' not appear to be as
good as that of ﬁﬁt P 3 f“;; Suctinates esters are
generally not very ggbds ; 5" £ steérases, and consequently
prodrug may be elimingfed;d i ' a rate near that for the
hydrolysis to the activirﬁﬁi' example of succinate esters
.f4 have been suggested

is hydrocortison

I' ; c ?ﬁ 4). The combine low
|

toxicity with a wid e choice in physical properties. Biological

oA 2 VNGB ARG i

and they appdlr to provide aJmeans of nverccming the salubility
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Examples of the second strategy melting point changes on

as being potential

solubility are allopurinol and Ara - A (5, 6) For allopurinol,
the high melting point of allopurinol (365 °C) suggestes that
transient blocking of some polar groups in the molecule might

decrease inter-molecular hydrogen bonding and enhance the solubility.



(I) allopurinol ; saNibaid

-l
-
!

"""-, J
(II) 1-ethoxyetiyd- geoldbility 1.91 mg/ml
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(III) 2-tetrahydropyran-4-allopurinyl ether ; solubility (3.64 mg/ml)
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the strategy of blocking polar groups in allopurinol molecule can
be made by synthesizing the l-ethoxyethyl-4-allopurinylether and
2 - tetrahydropyran - 4 - allopurinylether. These compounds have
lower melting points. The melting points of the ethylvinylether
and the dihydropyran derivatives are 185°C and 203°C respectively.

The approximately 150°C 4 " ing point of both

derivatives would, on™tis ! &‘l (12), lead to a 1.5 log
- . d

rved three to five fold

unit (30-fold) increa

increase in solubiTil & to a compensating

increase in parti

The increase or both derivatives

compared with the par Ble due to the decrease

in the solute - solute n es in the crystal form

caused by blocking the hyd n allepurinol. Figure 3

shows rate of d _______ ontainia; allopurinol,
z
eatfydropyran-4-

iF |

lﬂethoxyethgl-ﬁ_;n~q‘
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PERCENT DISSOLVED
8

Figure 3: Rate of i 5;‘# allopurinol (=)

ik

- _ =
1-ethoxyethyl-4-allopurinylethe and 2-f8trahydropyran-4-

N Sweng

For. W ara - A, the 8; degree :hange in mﬂlt point of its

= RARIRIF TN ﬂfb}&fﬁ

The observed increase of 60 is in part due to this changes

in melting point (5).
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IT. Reduction in Particle Sizes,

Whether the solution process takes place in laboratory or
in-vivo there is one law which defines the rate of solution of

solids when the process is diffusion controlled and involves no

chemical reaction. This is gyes-Whitney equation (1).

é 13

dq =
dt

where K

The terms of the of increase of the

\
)

amount of materia _it}3+ item a solid; k, The
rate constant nf‘d éﬁi;%* he saturation solubility
of the solvate in.b ‘ _;ﬁué: :; \\ he solvate particles
exposed to the solven| ;rf:ﬁ-;“w f the diffusion layer,

and D the diffusion coeffiaignt o issolved solute.

.,-~

It has ‘5 .‘.‘-Hﬂ' substances in the

ed form (that 1S, in soldfion) are transported

molecularly dispe;¥
across the iaiestiniiﬂhall and abs@fbed into the systemic

e S SRS o
;‘imm SN DRARY ...

the tell membrane is obviously higher than that for particles,

because of the much greater absortive area available to molecules.
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The Noyes - Whitney equation demonstrates that the surface
area, A of the particles is one of the main factors determining
rate of solution. When the rate of solution is less than the
rate of absorption the solution process becomes rate limiting.

The effect of particle size reduction on dissolution rate is one

unts of surface area of the
inution reduces particle

size below 0.1 um t ig a % the intrinsic

solubility of the suk e :m;ﬂx.‘ bts intrinsic dissolution

\| i\\\* high surface [/ bulk

ergy than the bulk,

rate (l). Very

ratio. If the sugdh

as is the case withffthfsd small ' they will interact more

readily with solven pfodyuce highe sdrees of solubility.

Reduction of particlef§ e E a¥ger surface areas to the

dissolution medium is pechaps (the obviocous choice for improving
4 et

dissolution {1]‘ ‘al examples where

”‘ cle size reduction (7).

l 3 .IJ
Ridolfo et al. (8) had shown that the bicavailability of

bemxﬂprufeﬂ uﬂfa %W weﬁ,"ﬂ ﬁcreased by

reducing par Bicle size. The therapeutic dose of griﬂenfulvin was

reducﬁ ﬁsﬁf mﬂﬁm% %115' B:ﬁu}ﬂ Elnare. constant

and reliable blood level (9). The commercial dose of spironolactone

biuav&ilability W

was also decreased to half by just a slight reduction of particle
size (9). Carless et al, (10) have been investigated the influence

of particle size on the bicavailability of digoxin.
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Althrough particle size seems to be easiest and most
controllable factor, in practice, reduction of the particle size

is often associated with the following problems :-

a) Increased rate of degradation of relatively unstable

Particle size ESduc /45& the rate of moisture

cnstediye drugs. Therefore,

drugs.

uptake by hygroscog

extra care and h ed for the processing

of fine powders ¢ A drug which is

sensitive to oxid areduction of the drug

may also increase en a drug is unstable

s u \ n may enhance degradation

\

in the gastric fluig

and the net effect, bility (7). It had been

said that the particle acid unstables drugs such

as penicillin Gldhid—eryths educed their

! y:.

bicavailability ('?, that the rate of

degradation is fastgr than the rate, of absorption. Since both

SR YE3 A TTTTE APV,

extent and rate of availabilgty will d End on the e/ rall balance

WL YPRE O (TR T TRy IR—

kinetica of the two processes.

b) Dustiness and difficulties of handling fine powders, poor

flow property.

011810
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Reduction of particle size increases dustiness and problems
of handling bulk drugs. The environmetal risk has to be reduced
by taking extra precautions (wearing of masks etec.), which

inevitably places constraints on both operators and production.

The problems agsoe ﬁ'w_ s poor flow of fine powders

c) The ¢ it Mite particles a; nat'péuduce the expected
faster dissolutigal® IRi& Primari tesuLtSirom the possible
paeticle due to their

stronger Van der waal's

attraction between g Teegles . AT was demonstrated by

I"i Et. s T e ';."“ -
n i vra dissolution rate

of micronized gliifs Make of their coarser

|
particles. il ; ]

A AT s

increased with increasing paiticle size. In face, l:he smaller

o QTR WRAFII R r

ar.l:ualﬂf floated on the dissolution medium (11).

d) The disadvantage of fine powders of poorly water-soluble

drug is their poor wettability in water.
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The wetting of powders is the first step for them to dissolve

and sometimes disperse in fluid (9).

e) Drugs with plastic properties are difficult to subdivide
and they have more tendency to stick together, even if fine powders

can be produced by a suitable merhod (9). The comminution process

7

can significantly modi ize distribution of a

starting drug. If lastic deformations we
might expect a re

consolidates by

by reduced (11).

For example ofurantoin from tablets

of fine particulate incidence of nausea in
patients, as local higihreonécacta he drug produce a centrally

mediated nausea:{i P€Balline nitrofurantoin

{Hacrodantinﬂ} hg!ﬂlef . on =ﬂ a form of therapy in

which the incidencegbf nausea is rgduced.

» AHEINENINEINT

clusion, it is generally accepted that the reduction in

| ¢ a v/
AW AT ITH RN TINYIREY =
absorption. However formulators must be aware that particle size
reduction, on its own, may not improve dissolution rates of some
hydrophobic systems, and some drugs compacts by plastic deformation.
Therefore, a suitable method, treatment with hydrophobic materials,
another particle size reduction processing, and formulation

adjustments may be required.
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ITI. Application of polymorphism properties of Drugs

Many drugs are crystalline subtances. The crystalline
properties of the solid state of drugs are considerable interest
as they can affect both the production of the dosage forms and the

biological behavior of the finished forms (1).

The nature of Ciie #Mogform of a drug substance may

affect its stabilirty " : ﬁ: flow properties and its
biological availab e augh the effect of
crystal properties g Many drug substances

can exist in more t} the different forms

N
being termed "po \ \ ‘polymorphism". A
polymorph of a drdg s@ibgE BOAE S ‘ ad” as a solid erystalline
phase of the drug rés __u:.._.. p 351D ility of at least two

f:"‘f it
different arrangements ol=El = > of that compound in the solid
state (1, 13). -&he _‘alline drugs, having
less internal cqliésion, h _vit.y, are less stable

and transfnrmatioﬂintu stable modification L'J an occur by a process
which may be id ‘Iﬂlﬂﬂ' 1, i rphism properties
of poorly w F{ ﬂﬁ ﬁHSJ ﬁyﬁlutﬂm rate may
be us esen ﬁ ﬁz‘l but
mgiﬁhm PRV IR N
present special pharmaceutical problems.

Examples of the application of polymorphism property of poorly

water-soluble drugs to enhance dissolution rates.
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Mullins and Macek (14) working on pharmaceutical properties
of novobiocin identified twe polymorphic forms of novobiocin, one
of which was crystalline and the other amorphous. They found that
the crystalline novobiocin acid was poorly absorbed and did not

provide therapeutically adequate systemic levels following oral

Aguiar et o f ) =fﬁ\;”,;~ absorption of polymorph
A and B of chlor ' | mivabe| iy ¢hldfamphenicol palmitate

suspension. In blood levels were

obtained with sus B. The blood levels

decreased proportion gtion of form A increased.

The relative large frée fénce (-774 cal/mole) found

between polymorph A a 2_higher and faster absorption

observed with p .;

T
Pnlmmhﬂ forms of Ampicillin hadeen shown the difference

fa @ ,

o et @ P IMTUNIWE T o
form producedjhigher and earlier peaks in blood serum than

AP | n N S 7,
EWTHINIUANRIINYIA Y

q - .

Hamlin et al. (16) using two polymorphs of methyl-prednisclone

(Forms I and II), prepared constant surface pellets and determined
their dissolution rates, both in-vitro and in-vivo. They found that
both in-vitro and in-vivo experiment, the dissolution rate of form II

was greater than form I, the thermodynamically more stable form at

room temperature.
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Tawashi (17) reported on the dissolution of two polymorphic
forms of aspirin where form II dissolves 50% faster than form I.
Levy (18) alsoc reported on the comparative dissclution and absorption
rates of different commercial aspirin tablets and indicated that

since the inital absorption of aspirin occured from the stomach,

and since the rate of absdxp proportional to the amount of

aspirin dissolved in ®i Flofdst the in-vivo dissolution
-J

rate of aspirin in EABTE orm. in Qﬂh would be reflected.

It was possible thalpolfa .\_5- ay alsg be involved with

availability from 80

Tuladhar#®t 9) (chcgeteniz ive difference polymorphic
forms of phenylbusfizofie fas pBiJibkohs %, 4B, %C, D and E by differential

scanning calorimetr IR spectroscopy. They

MY :
reported that the in-vif&s -dissc fon of crystals forms was in

order of form C2x fg E> form E y arm A.

Trottiel i* -4%~-e polymorphs of analgesic

" ]
&—henzcylbenznxaz: idinone (CERM 10194) by 5o0lid dispersion and

solvent deﬂﬁn&i. %ﬂﬂﬂ{ W}ﬂ:tjﬁms was characterized

by X-ray diffraction, DTA and IR spectroscopy. The polymorphic form
_ ¢ o Y,

= QR IR AN e = =

10194 4n polyvinylpyrrolidone (PVP) 9:1 as from II and the solvent

deposition of CERM 10194 on colloidal silica (9:1) as form III.

They reported that form II and form III gave a high dissolution rate

in-vitro. Form II and Form III were alsc stable for six months

without special handling.
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In conclusion, the application of polymorphism properties
of poorly water-soluble drugs can be used to choose for a
pharmaceutical formulation, that polymorph having the rate of
dissolution desired. However, before choosing suitable polymorphic
form, free-energy difference must be considerred. It is suggested

that large differences in the free energy content of the polymorphs,

On the other hand, g " | : ems seen with mefenamic

acid did not appear to, he' abSocbal .ity of the drug (21).

Iv. g inert water-soluble
carriers

The novel us technique to increase the
dissolution rate and water-soluble drugs was
Eirstly proposed by Sekig —workers in 1961 (22) The
term "solid disp : d system of one or
more active i le carrier or matrix

at solid state prepared by melting, solventy or melting-solvent

| RN LN ek L2

1ting method ¢ (Fusion m hﬂd )

ammnmmn EIAY e

drug and water-soluble carrier to a temperture at which melting
occurs and a solution forms. The melted mixture is then usually
cooled rapidly to entrap the drug particles in the matrix in as
fine state as possible. The cooling rate of a eutectic mixture
can influence the physical state of the solid obtained and the

particle size of the crystals formed (23).
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The main advantage of this direct melting method is its
simplicity and economy. In addition, a supersaturation of a solute
or drug in a system can often be obtained by quenching the melt
rapidly from a high temperature and a much finer dispersion of

crystallites is obtained for systems of simple eutectic mixtures

< L geg (2&} The disadvantage of
this procedure is the possibi »mpasition and/or evaporation
: " required This method
ﬂﬂs subsequently

was first proposed b

emploved with some festigators (25-27).

b) Solve d (CopEe & tlon e thod)

This method ng the drug and a water-

soluble carrier in a gBm solvent is then taken off

by ewvaporation with / wi ------ the l of vaccum pump. Sometimes

heat is used to As

e solvent (23).
Y. ]
The main ﬁv' A ! At m J is that thermal
decomposition of dr;%nr carrierwan be prevented because of the

o oo LR ISR rvncs

However some disadvantages agsociated I:h this met are the
o) HARIA SN YR
liquid st}l\renl:, the possible adverse effect of the supposedly
negligible amount of the solvent on the chemical stability of the
drug, the selection of a common wvolatile solvent and the
difficulty of reproducing crystal forms. This method was used

to prepared several solid dispersions (28, 29, 30, 31).
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¢) Melting - Solvent methed.

The melting-solvent method is prepared by first dissolving
a drug in a suitable solvent and then incorporating the solution
directly into the melt of water-soluble carrier. The solvent is

without the aid of heat. This

then taken off by evaporatic

h the melting and solvents

qEpossib é selected solvent or
dissolved drug isdibile with (he melt of water-soluble
; KQ:\x —
ih\\\

methods. However,

drug precipitated in the

carrier, and the pg ~

solid dispersion 1 F freccad by \rhe \“{\ solvent used. The
feasibility of the gie p-sOiven ethod \was demonstrated on

spironolactone-PE > 6000 systems (23).

Carrier has an ult: make ssolution characteristics

of solid dispersion sys foldberg et al, (23, 24) proposed

that in order tg p Bolutiﬂn, carriers

fetidod should meet the’

dater, physiologically

for solid dispgpSions

uble in

following critedll, Firsy
inert, melt notd hag 200%/, t mal_stable up to its
melting pﬂﬂy jMﬂyﬁjﬁuﬂﬂi\ﬂ In addition to
cargie 1 ﬁ P splvent od should
meﬁﬁﬁﬁiﬂ ﬁ?é; : Elm jﬁﬁﬂaﬁﬂiﬂc solvents.

The widely utilized carrier are :-
polyethylene g]-.}'cnl; polyvinylpyrrolidone; urea; sugars. (e.g.
fructose, galactose, sucrose); polyols (e.g. maﬁnitul, sorbitoel);
Poly acids (e.g. citric acid); cholesterol, cholesterol esters, bile

acid, bile salts, xylitol, urethan, etc. (23-32).
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The mechanisms of solid dispersion to enhance dissolution

rate of durgs are

1.) Solid dispersion gives the very fine dispersion of

the drug in the water-soluble carrier (23).

immediately SUTTOUnddng p-..ﬁ-idbin the early stage of

\\:::“x:::fsnlv.‘ in a short time

3.) The aSegce '; l\agglomeration between

(23).

fine crystallites gf ghe ﬁzl? ‘ hebic drug (23).
4.) Increagée ge :31:)- } and ‘disgersibility of a drug (23).

PR
5.) The formatiéf-—6f sof compound or complex between

drug and carrie
[~7 Y}
It is be Lev ezsion technique is a

|

i¥
field of pharmace-tical techniques and principles will play an

important rﬂﬂﬂ?ﬂ:ﬂﬂﬁmﬂﬂﬁm and therapeutic

efficacy of §borly waterﬁsoluble drugs in future dnsage forms.

R RIREATBINA TN T8

applicition to manufacturing because of the processing problem of

solid dispersions, which tend to be like sticky masses (32),

poor flowability and a number of problems have not yet been solved

are listed below :-
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a) The use of solid dispersions is limited to low dose drugs.
A large amount of carrier is often required to improve the dissolution
of the drug and this limits the use of solid dispersions to low and

in a few cases of medium dose drug (l1).

b) The process of preparing solid dispersion might cause

degradation of drugs o Thermolabile drugs may break

down during the prepama : orsion. Some of the problems

are discussed in

c) The phygdfog solid dispersions is

generally poor. i ool Db unid -t H- ER,‘““ tablets freshly made

from the solid dfSpe 3in egration and dissolution

, v N
properties to tablecgfmdtle by traditiopal, méthods, they became

harder on aging and ta'le-:QrH aveld -a‘; d dissolution rates,
Solid dispersion tablets*wazs r i ¢ sensitive and less stable
Ithan conventionad t5, when 5 :d 45°C (11).
Vo A

Fit
13

d) For® ‘e required to aid

the flow, compact¥on and disintegration of %61id solution. These

naterials lﬂtﬁ&fﬁ Z‘Iﬂ}ﬂﬁm ,Tﬂaﬁle:s may be

difficult tq'::-e swallow

A VESRFOHNYD AEA § ppo

dissoldtion achieved by solid dispersion.

Some of the hydrophilic carriers also act as tablet binders,
and the improvement in dissolution achieved by solid dispersion

may therefore be destroyed if tablet disintegration is delayed (l11).
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V. Application of solid sur dispersion systems

The dissolution characteristics of drug can be altered by
dispersing it on the surface of an inert carrier (36-46). The solid
surface dispersion systems are defined as the systems in which the

drug is distributed on the s gce of an inert carrier to increase

dissolution rate of theldrug (3§ lhe new approch "solid surface
dispersion" to incremse.the g ‘ate of poorly water-soluble
the surface area of the

drugs available " media (36, 45, 4B8).

The solid surfaf® g 3167 ‘svske hieved by two methods,

&z \\.\M
j sition) and solvent

frictional depos

deposition (36-46 V:,-E Q\?\\ lethod is accomplished
by grinding the drug it.fﬁffﬁ[ Arr 1k . The second method,

solvent deposition ifS pt f?; - B solving the drugs in a suitable

organic solvent _and S the - spls drug. is dispersed on the

surface area off teiisive surface area.

The solvent is taken withfwithout the aid of heat.

R AT T i st

use for reddding the pﬂtticlﬂ size of a solid since the dissclution

““‘ﬂ‘ﬂ"’l’ﬁ\fﬁm RTINS oo

size (§). It had been reported that a strong grinding force gave to

crystalline solid an increase in the activation energy on the surface
and in the distortion of crystal lattice together with reducing the

size (37, 38, 39),
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These phenomena occured in all erystalline medicinals
independent of the molecular properties, such as structure, size

and polarvity (37).

In many studies (37-42), amorphous state of organic crystalline

medicinal was obtained by g ¢ of the medicinal with microcrystalline

cellulose or other materi : P cyclodextrin, lactose and

L L, N
sucrose. g
Hersey fﬁﬂi!'!-"’f el effec grinding on particle size
reduction and pr egf! & | uldhalso induce "mechanical

activation" which

and dissolution ra

Yamamoto et a ground mixture of griseofulvin

and microcrystalline cel' prepared by grinding them in a

vibration ball n

i

il 1 ¥ ghowtt | pifieantly greater in the

dissolution ratg7a Rode from micronized

- _ -
griseofulvin puw-d'. 8y proposed at thel possible transformations

may take place dur ;jthe vibrati@e ball mill process were :-
52
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mglti of the crystalline powder and its interaction with cellulose,

a)

which has also become amorphous during the milling process, or by

production of lattice defect due to shear stress and impact stress.

A marked influence of dispersion method such as simple
blending, solvent deposition, ball milling and muller milling on

the dissolution rate and biocavailability of digoxin had been reported
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(43, 44), A ground mixture prepared by ball milling and muller
milling was shown to be significantly greater in dissolution rate
and bicavailability than simple blending and solvent deposition.
The greater difference in dissolution rate and bioavailability

between ball milling and simple blending may be due to an increase

in the activation energy ace and/or the distortion of

jat the ground mixture
of phenytoin and m i1 2 eelitlose prepared be grinding in

R

on rate and

toin. The exact

bicavailability wd '~

physical nature o o sl i 9 \'.\‘ t determined. However

it was proposed thal ‘,1--1 the ground mixture were
probably dispersed on ti rir-:ifé the cellulose and were presented

Z '
in an amorphous=gtat “Thed; was expected to be higher

than those of thEs

nature of the ceﬂnlose, dueed hydrophobiklity of the drug in the

.:i-' the hydrophilic

ground mixture and ﬁwnve its wefbability.

PUEINENINYINT

Sol¥ént deposition is the aeconﬂ method in which gives the
- QRN SN TINE IS
used f‘ert water-insoluble adsorbents, such as fumed silicon
dioxide and siliciec acid, as supports for the solvent deposition
of a number of drugs. The solution of the drug in suitable organic
solvent was dispersed on the surface of the support material and
the solvent was taken off by evaporation. The resulting material

contained the drug in a "molecularly micronized" state on the
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surface of the carrier. The term "minuscular form" was used to
describe the state that the drug has undergone molecular micronization
when its dispersed on the extensive surface area of the adsorbents.
The dissolution rate of the drug in "minusecular form" was found
significantly greater than the drug powder alone. The fast dissolution

rates of these systems were. all ound to be dependent on the weight

ractions of drug were used,

" the dissolution ral; W S 1 m i &l‘his implied that the

a drug monolayer that

ersion system can be
regarded as drug iglfa jmi et ey molecularly dispersed on

the surface of iner Fet sl t8ng decrease in particle

deutface area serve to increase

the thermodynamic activi j?;;,kug' in the dispersed state which,

in turn, greatl (36-46). The solid

surface diﬂpersiu technique, in which can

*
]
play an important rgle in increasing dissolution rate of poorly

water-so 1ubﬂ ﬂﬂ ﬂ:vﬂﬁéﬁ ﬁiw B’F}ﬂ dﬁ'apersinn system

may have theq&rohlema since 2rug—exc1plent interactiun can readily

e LB LR, QRS Y pfrocion

not nn alter the physical and chemical properties of the drug but

also appreciably affect the physiological availability of the drug

from the dosage from, resulting decrease in therapeutic action of °

~ the drug (46-51).
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VI. Reduction in hydrophobicity of the drugs.

A major problem of traditional particle size reduction of
the poorly water soluble drugs is that it results in a very cohesive
powder and the high surface energy results in ‘thé formation of

aggregates and agglomerates.

e drug particle aggregates tend to

be hydrophobic and are, \! t to wet. This problem is
f the drugs. The approach
"ead s ‘ ; -He a ‘ ‘
reduction in hyd 52 l\\ﬁh.iai;hh o enhance the dissolution
AN
s ﬁ_(H;\: the concepts of
reducing the pa b sN;\lg may give greater
AfioMin solid dosage form

AN

‘the overall process may

problems with weg#:

and since liquid ep in the disintegration

and dissolution of |

be penetration limited in hydrophobicity of the

drugs may be an effeg e m w'q“* g an_ideal situation, the

drug would be ; i¥forms as discrete,
well-wetted parti}[e, so that the maxiium sugface area afforded by
the powder would beg'esposed to theydissolution medium. For

wacoonsc ik £ VLB WL VRN Qics s 1 may

possible to achieve if the s@irface proparties of th&AMrugs are changed

= ARA AL ATHYARE

hydrophobicity of the drugs may be accomplished by several methoda,
such as by coating the hydrophobic drugs with a hydrophilic material,

using surface active agené, and mixing with a hydrophilic material

(52).
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Lerk et al. (52) sucessfully used a technique for reducing
the hydrophocity of drugs with a hydrophilic polymer to enhance
dissolution rate of poorly water-soluble drugs. They also found
that the dissolution rate was dependent on the amounts of

“ydmphilic polymers used and there are the optimum percentage of

pease the dissolution rate of

o* ip a conventional

——
1 e — mproving the wettability

the hydrophilic palymersﬂh
the drugs. The method™es
granulation technique

and solubilizatiog ically coated with

hydrophilic polymef#.

at the surface-active

Ma invest
ny inwv \|

of many poorly water

agents could also“enj : }“'\x

soluble drugs by redu obigity of the drugs (53-57).

According to Nogami (63, "Bé—65),th® rate-determining step in
Z b s I
tablet disinteg Cat Ty

in the tablet. &4

din through the pores

A J Which was found

- .
applicable to tab-Jts. d

AUL INYRENY G0
QEAM N IHINANAY. ...

of penetration, r the average radius of the void space, the contact

angle, s and n the surface tension and viscosity, respectively.

Equation (l4) indicates that a surface-active agent has two
effects on penetration of a liquid into the tablet. The addition of

a surface-active agents lowers the surface-tension and decrease the
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contact angle. Thus, the owverall coefficient of penetration of a
liquid into the tablet rises in the presence of surface-active agents

and increased penetration generally enhance disintegration.

The surface-active agents, dioctyl sodium sulfosuccinate

and poloxamer 188, have bee _‘ ym to improve the dissoclution rates

3% us sulfonamides (55, 56).
‘ﬂriy water-soluble drug

may be enhance by active agent. Another

method in reduction g™ hyft !‘ AREY “hg; hydrophobie drugs is

mixing with a hydrogp dLE L, Msuch ‘e arch, microcrystalline

cellulose, polyvifiylphry® Bdode, e ‘\ has been shown to

enhance the dissolfitigh '~Jﬁ5:i" yak ‘xliale drugs, particularly
,-

when it was granulatied @ich o farlowe and Shangraw (57)

-"“-"t

prepared sodium salicylate FPwet granulation techniques

using either la d corn starch as

Filler. They Faulk ALl dramatically

- =
increased the diss ‘ ution rAate . ]

“‘Iﬂ%ﬁ%%ﬂﬂiw gIN3
several metfods nhanc@the dissolution
rate gﬁﬂ) aaﬂaiﬂiﬂﬁfliﬁ r]:aﬂhe following
other mgl:ho_ds are still effective methods of improving dissolution

properties of solid dosage forms.

The formation of molecular complexes can increase the apparent
solubility of many drugs, thus increase the dissolution rate of the

drugs from sclid dosage forms.
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Higuchi and Tkeda (58) prepared a rapidly dissolving form
of digoxin by complexing the drug with hydroquinone. They suggested
that the formation of a complex may overcome the processing problems
associated with digoxin solid dosage forms because the complex

completely disscciated when dissolved., In the studies with the

forms soluble compleses, \e\ergot Thkal . However, the

formation of moleg jerease the dpparent

solubility of man its apparent solubility.

Bettis et al. (61) 8ion of theophylline

to barbiturate resu 8frease in dissolution

rate of theopylline.

It is well knoWn Ehat uhe on.of solid dosage form
involves the .1;-:."“”““ plemn .,}:' l:s can influence
the disintegratiu time, 0158 ¥e te, L. d therapeutic
effectiveness of th‘“dicament, thus the use of suitable excipient,

vy ve crroflld & HNENVIMEAN T e vrne. o

tablet formulatiun, excip ienf are addedmas binding &gknts, lubricants,
disina wl amgﬂ ‘jmﬂ w:] 11]&] ’-]Ea lE-l preparation

of a guud-quﬂlitjr drug product,

Marlowe and Shangraw (57) demonstrated the hydrophilic
excipient, such as starch, enhanced the dissolution rate of sodium
salicylate tablet. Type of disintegrants, lubricants, its concentra-
tion, and the method of incorporation during tablet preparation were

greatly affected the dissolution rate of the drugs (54).
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The effect of compression force on the dissolution of
nondisintegrating tablet and disintegrating tablet are difference.
In the case of nondisintegrating tablet the dissolution rate of
drug is almost independent of compression force, but in the

disintegrating tablet, the effect of compressional force on the

dissolution rate is difficult edict. Howewver, for a conven-

tional tablet the dissg Isintegrating tablet is
J

dependent on the pr@SSHFEFang®, wperties of the medical

compound and excipiga®: / ‘F‘-- iv- at¥eq, of the granules occur

during compressiog Fgfo LB as the compressional

;\\\\\ articles is the
e 6\\ \increase in compressional

In generally the

force is increased
predomonate phenomgfio
forces causes a dBl’.‘.
relationship between @gomg -t it ., and dissolution rate of the
‘ on is unknown, thus, the

drug in the individual tab®

optimum range - " for USESBESE4nd out in the individual
h—u
A J

tablet formulatTdn

|
iF |

In conclusigne, although warious methods have been suggested

co ennance Bl b1 ) A0 LR DL B are, e

most Huil:able. method of the #lrugs mustghe condidered/

’QWW&I\‘iﬂiﬁUNWI’mmﬁH

ionale.

The poor dissolution characteristics of poorly water-soluble
drugs has long been a problem to the pharmaceutical industry (1).
When the poorly water-soluble drug is administered orally, the rate
of absorption and/or the extent of biaavailahility are controlled

by its dissolution rate in the GI fluids (l). Therefore, efforts



35

have been made to increase the dissolution rate of poorly water-
soluble drugs. When synthesis of a more soluble chemical derivative
is not feasible, diminution of the particle size (7-12), or
utilization of another polymorphic form (13-21), or seolid dispersion

of the drug using inert water soluble carriers (11, 22-35), or

grinding with/or adsorpgien ‘ot g inert compound (36-51), reduction

in hydrophobicity (32-5% et ithod (54, 57-61) may increase

wmodel drug, is due to the
wide-spread used o : -,rJL':-« fﬁkazEr and it is a psychotropic
benzodiazipine exh A\ ble and absorption
irregularities ( Wiazepam tablets from different

manufactures possesse di --ﬁf"‘--' \ tion characteristics. The
time required for the tablsts &5 ease 607 of diazepam varies among

ten brands ﬂnd_:
" v:
DiazEpam.“

(7-chloro-1-methyl » Ahenyl- PO U}rdro-EH— 4 benzodiazepine-2-one)

ﬂ‘lJEI’JVlEWﬁWEI'lﬂ‘i

TASBYAATA -



36

Diazepam is yellowish-white crystalline powder. Its melting
point is between 130 and 133°C. It is poorly soluble in water, but
soluble in ethanol, methanol, chloroform, ether, acetone, and

propylene glycol; the pKa is 3.3

3) found that crystalline medicinals

Nakai et al. (37, 38

T

guring grinding the mixture

of a 10Z medicinals™mmmitr r "ellulose. There was the

critical content d mixture to show the

halo pattern on and no heat of fusion

on the thermografi.- €garded as an "entropy

frozen solution'#6i e molecules. These

phenomena occuredMn mals independent of the

molecular propertief, Such &= st ze, and polarity. It was

O s A
estimated that the m-iiJggﬁiéw £ 5 were dispersed within the

3272 7%
cellulose as a mole #E?";w‘ﬁ“ af the molecules having

no preferred F
1 I

1 ¥
Yamamoto al. (41) described that the possible transformations

of ground rﬂﬁé%ﬂﬁﬁwmﬂﬁune cellulose (1:9)

prepared by @rinding them in a vibration ball mill were :-

AT AUAIINYAELL..

2) formation of an amorphous structure either by partial
melting of crystalline powder and its interaction with cellulose, or

by production of lattice defect due to shear stress and impact

stress,
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They found that a ground mixture of griseofulvin and
microcrystalline cellulose (1:9) were shown to be significantly
greater in the dissolution rate and bioavailability than those

from a micronized griseofulvin powder.

They alse found thatpargstalline powder of griseofulvin

111 ‘
1},}:;;'ip the absence of microcrystalline
& sty ctélpeen retained as judged

was ground in a simili‘

cellulose, the crysFai

he @¥%persion method described

h}" K-Rﬂf diffrace T -l ‘\\\\HR
above may be calTed o a .-ii:

{8lon or frictional deposition."

Monkhouse an approach "solvent

deposition" methodfo & J'E- d¥ssolarfon gate of poorly water-

\

soluble drugs. Sdl pared by dispersing the

solution of the drug solvent on the surface of

the support material and;the) el as taken off by evaporation.

The resulting watlerial contained the AruE=thes) molecular micronized
!

state called "m r#p rate of the drug in

=
.,I
i ¥ |

"minuscular form™was Found significantly greater than the drug

‘a o
e R YUY INYUNINYING
Ehel?er (36) defined’ the mechasical %I::situn and solvent

AR ALEIATIRNTIAY

According to the experiments, it is possible to improve the
dissolution rate of the diazepam by means of "solid surface dispersion
systems" because diazepam is a crystalline powder, exhibiting poorly

water soluble and absorption irregularities. (62)
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The diluents used in the experiments, commonly employed as

components of capsule formulation are classified in two groups.

l. Water-soluble diluents groups i.e.,

mannitol, and sucrose

and the dispers el
! /‘

Solventgdegogitia

#iﬂ
3. Mechanicgd] ¢, Fazd o4 sition method

1. Simplej

2.

¥

'r""'; y el
C Purpose of the stuflysiiac...
-Qﬁgfffiﬁ'

r‘.f 4

[ To (8

dissolution raé\ﬁ-

—~1:{;'n methods on

Y}

'\
i¥ |

2, To stu 1y the dissalutinn behavior of diazepam capsules

prepared b;ﬂ‘ﬁﬁ?'ﬁﬂﬂ?ﬂﬂq N7

perfarm comparative stud es of the e cta of various

o RAAARFAS NI RED B

diazepéh capules,

4. To persude and facillitate the local manufacturers in
order to develop their own product formulations by using the suitable
dispersion systems with an objective of optimizing the dissolution

of diazepam capsules.
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