CHAPTER 1

INTRODUCTION

The rate - determini orptlon process for drugs of poor
solubility is generally their dis e gastrointestinal fluids rather
than the rapidity of thei wall (Gibaldi, 1971). When
an insoluble drug is

_ %Wor the extent of biological
"Eéva\lthgof such a drug is enhanced,
 the \s%effects may be reduced.
o improve the dissolution rate of

N

availability can be c
the dose required,
Therefore, great eff
sparingly soluble dru

enhance dissolution of, ly:solublel drugs. hese reviews examine many

systems with particul the ds of preparation. The poor
dissolution characteristi off?ﬁﬁye y insoluble drugs can be modified through
use of soluble salts, polymorphIsm yd nf and solvates, molecular complex,

eutectic and solid d1spersmiis’fmcgo 'sation mlcrocrystalhzanon as well as
co-precipitation . : d ad :
(Chiou and Riege A

Even though' drug dlssolutlon from sohcﬂhspersmns depends on the
technology employed toprepare the dispersion, the proportion and properties of
the carrier uﬁ)ﬂﬂ %ﬁﬂﬁ%ﬂ@ﬁﬁt materials have been
examined as dely in chemical and
physical properties. The selection of these catriers has an ultimate influence on
used SN OB S BT ol b bl (Crc, 1590,
used ¢ s (Craig, 1990;
Corrigan et al., 1979).

Nowadays, there has been a great deal of effort to study the utilization
of natural polymers. In this respect, chitin and its derivatives are the desirable
choices of natural polysaccharides. Being as biodegradable and non-toxic
polymers, they have plenty of potential applications. Moreover, the sources of
raw materials are obtained from waste products which can reduce the
environmental problems.  Many reports on their application in the



pharmaceutical field were published. Sawayanagi et al. (1982,1983) reported
that chitin and chitosan can improve dissolution properties of griseofulvin,
phenytoin, and prednisolone by grinding in a ball-mill. In addition, Shiraichi et
al. (1990) studied on enhancement of dissolution rate of several drugs by low
molecular weight chitosan. Also studies on complexation between low
molecular weight chitosan and indomethacin for enhancement of dissolution
were investigated by Imai et al. (1991).

Hydrochlorothiazide H\ww portant diuretic has a potential for
poor gastro-intestinal abso ‘tm\\ et &:‘d aqueous solubility. Thus, it
h&n iden :

is not surprising that it e U.S. Federal Register as a
class of drugs with a WM oaviala /bioequivalence problems and
for which dissolution should be dew d (Augsburger et al., 1983).

In an earli
formulation factors o
(Alam & Parrott, 1
with polymers PVP o ‘ vat 1.
et al, 1982). Other ods<have ibeen reported by several dispersion
techniques and by adse: 1 clays (Monkhouse and Lach, 1972;

Ford, 1978). P T
ettt

Since the d h ,
low intrinsic solubtlitys—it-inay-—cXist-iii-amorphou ig form . Its behavior in the
presence of differefit me /01 aterials has previously been
investigated (Millar and Corrigan,

¢ o Q/

The %t&tt %wwmsm application of chitin,
chitosan, andygl olecul 1 hitosan' in" dispersion systems of
hydrochlorothiazide to enhancesdts dissolution by means @f solid dispersion,
S A S AR R
were al d 0 a spersed systems. ' Fhen suitable dispersion

mixtures were selected for directly compressed tablets and compared with
commercial tablets.




The objectives of the present study are:

1. to prepare dispersion mixtures of HCTZ with different carriers of
chitin (CT), chitosan (CS CSU) low molecular weight chitosan (LMCS), PVP
K30, and PEG 4000 via various dispersion techniques such as physical method
(PM), kneading method (KM), solvent methods (SM,SMD), and ball milling
method (BM).

2. to compare the results of the dissolution enhancement obtained
from various dispersion systems. \

3. to mvestlgate Wumc%s and fraction of carriers on drug

dissolution.

4. to comy eff ct Mt sources of chitosan on
dissolution enhance ' \

5. to prepar from selected dispersion mixtures and
evaluate the prepar qomp_aisl on with commercial products.

6. to eluci _' m easing dissolution of HCTZ from the

prepared dispersion

LITERATURE

Solid dosage fom;s p;e usu 51gned for oral ingestion and this
mode of administration can “often result in ficint and erratic drug therapy
(Mayersohn, 1972"' ice absoi piic if's only after the drug is in
solution, solid dosag e in' the gastrointestinal tract.
After ingestion of a fablet or capsule utionjgccurs from three structures,

i.e. intact dosage form, dlsmtegrated anules, and fine particles. Dissolution

occurs faste mﬁﬁw ules and tablets or a
capsule slu ;Ejn - which affects drug

absorption, thé/prime objective of formulation is to ensure that the formulation
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dissolufion. This may apply particularly to insoluble and ophoblc drugs.

1. Method to Enhance Drug Dissolution

Some of the favourable methods which can be used to enhance
dissolution are (Khan, 1981):



1.1 Physicochemical modification (e.g. prodrug approach, poly-
morph, complexation, particle size reduction).

1.2 Solid dispersion (e.g. coprecipitated of drug using inert
water - soluble carriers).

1.3 Solid surface dispersion (e.g. mechanical deposition, solvent
deposition).

1.4 Hydrophobic re{ i coating and granulation with
hydrophlhc*ngte 1 )tants)
‘—5_ 2

\ 2 %and/or modification of the

ANCces cat instances lead to easier
pharmaceutlcal proce ds-oneof t e, most w1de1y used approach to

availability will increase as
drug is more soluble in an
0avialability can be improved

the rate limiting step i
dissolution rate incr
aqueous medium than i
by making readily solubl
apparent solubility and ‘ rberine by forming with sulfate
salt. In practice, however, ﬂmﬁeﬁ%desuable salt form depends upon
various factors e. g g stab’llltf its toxicology, ease of processmg, cost, and

=
}jnorp iism is known to affecq_r!he solubility of drugs, thus
the use of polymorp c propertles of poorly soluble drugs to enhance the
dissolution r 960) worked on two
polymorphlcaﬁrggy Sl] ﬁiﬁ M wmixﬁyﬁallme and the other
amorphous. f[hey found that the crystalline novobiocin acid was poorly
absorb t following oral
e
therapeupca active. This was due to difference in solubility of different
polymorphs. The application of polymorphic properties of poorly soluble
drugs may be used in a pharmaceutical formulation, i.e. selecting a
polymorph having the desired rate of dissolution . However, in practice, it is

often difficult to produce a desirable polymorphic form which is both
thermodynamically and pharmaceutically stable.



The formation of molecular complexes can increase the
apparent solubility of many drugs, thus increase the dissolution rate of the
drugs from the solid dosage forms. Many studies have been made on the
formation of molecular complexes. Imai et al.(1991) reported that the
dissolution of indomethacin was markedly increased from kneaded mixture
with low molecular weight chitosan. They suggested that the acetyl group and
amino group of chitosan played an important role in complexation. In 1992,
Tasic and co-workers complexed paracetamol with B-cyclodextrin to improve
the solubility and dissolution rat e drug. Moreover, it is known that
inclusion complexes with cyclo?ie[ i en result in improved stability of the
guest molecules (Nakai; 1986). the formation of molecular
complexes may also decrease the gppareﬂfﬂublhty of many drugs. Bettis et
of| theéophylline and barbiturate resulted in a

al.(1973) found that . 7‘«
significant decrease in di 101 t¢ of theophyllme

dissolution. The li
increased following pé

1 cxamplfs where bioavialability was
) Rldolfo et al. (1979) had shown

increased by reducing'pa
most eas1ly controllable 2 t

b.:gustiness and difficulties of hgmdlmg fine particles, poor

oW properties.
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d. increased rate of degradation of relativgly unstable drugs.

AT Bhabbl ah bty 1 )by conventiona

tnturauon and grinding, ball milling, fluid energy micronisation, controlled
precipitation by change of solvents or temperature, application of ultrasonic
waves, and spray drying, etc. Although the reduction of particle size can be
easily and directly accomplished by the first four methods, the resultant fine
particles may not produce the expected faster dissolution and absorption. This
primarily results from the possible aggregation and agglomeration of the fine
particles due to their increased surface energy and the subsequent stronger
Van der Waals' attraction between nonpolar molecules. This was demonstrated



by Lin et al.(1968) who showed that the in vitro dissolution rates of micronized
griseofulvin and glutethimide were slower than those of their coarser particles.

Another inherent disadvantage associated with micronization
of hydrophobic drugs is their poor wettability. The wetting of powders is the
first step for them to dissolve and sometimes disperse in fluids. This problem
may be overcome by the addition of a wetting or surface active agent for
reducing the hydrophobicity of poorly soluble drug (Reddy et al.,1976).
Furthermore, drugs with plastic p ies are difficult to subdivide by method
of trituration, ball mill, and ﬂuid{(ﬁg £y. #They have more tendency to stick
together. If the material compacts by /! eformation, a reduction in the
surface area may occur. The-effect of paiticle™size reduction during processing

ssiple S ——

should be examined ?p
1.2 Solid'd:

r matriX in the solid\state prepared by melting
- §olvent métho (Chioy and Riegelman, 1971).

ingredients in an inexf'c
(fusion), solvent, or me

This *jtgé_iﬁi)d *g%pared by heating the physical
mixture of drug and water-soluble c_af@g_a temperature at which melting
occurs and a solution, forms. The melted mixture is tiien usually cooled rapidly

to entrap the drug pastieies-in-the-matrbe-in-as-fine 4 state as possible. The
cooling rate of a eutécti influence t] c:';l ysical state of the solid
obtained and the pamlg,le size of the crystals formed, |

A1 8 D DN IS i e sty nd

economy. In addition, supersatur%tion of a drug solute in a Sﬁtem can often be

obtained.b i t rapi igh t ature and a much
finer di$ eﬁﬁtﬁﬁsﬁflﬁm d fo m:llﬁ ple eutectic
mixtures if such quenching techniques are used. The disadvantage of this
procedure is the possibility of decomposition and/or evaporation of a
component at the elevated temperatures required. This method was first
proposed by Sikiguchi and Obi and was subsequently employed with some
modifications by many investigators such as the process involving spray -
congealing from a modified spray - drier onto cold metal surfaces. The melting
method also has been used for dispersions containing mannitol (Kanig,1964).
The feasibility of melting has been demonstrated for many dispersions. For




example, glibenclamide was dispersed in different polyol systems such as
mannitol, sorbitol, PEG6000 (Geneidi, Adel, and Shehata, 1980), griseofulvin
in different PEG systems (Chiou and Regelman, 1969).

1.2.2 Solvent method (Coprecipitation method)

This method is prepared by dissolving the drug and a
water soluble carrier in a comm?* !f nt. The solvent is then taken off by
evaporation with or without the aid of 4 um pump. Sometimes heat is used
to assist in the evaporatig;_m&fﬁhe sc;lv’ :-,./ .

vantage of the solvent method is that
thermal decompositiofi iers can be prevented because of the low
temperature required ration of organic solvents. However, some
disadvantages associatgd v s method are the higher cost of preparation,

ount . of the solvent on chemical
ommon volatile solvent and the

cipitating with povidone. Geneidi
ibenclamide by coprecipitating with
e VY

U: _'M-J

1.23 Melting - solve m

odu

¢ ing, -“Solve ethod.. is d by fi
| .is prepared by first
dissolving a ﬂuuxﬂa 3%%@ Bﬂdg;'nﬁ ﬁc orating the solution

directly into the melt of water-soluble carrier. The solvent is then taken off by
evaporation, with_or_without_the _aj 1S, m possesses the
advantée%?a @ﬁeﬁéﬁuﬂ%ﬁ‘sﬁ%@ ’ﬂiégg, it is possible
that the selected solvent or dissolved drug may not be miscible with the melt of
water-soluble carrier, and the polymorphic form of the drug precipitated in
the solid dispersion may be affected by the liquid solvent used. The feasibility
of the melting - solvent method was demonstrated on spironolactone - PEG
6000 and griseofulvin-PEG 6000 systems (Chiou and Riegelman, 1971).

The various possible mechanisms of increasing
dissolution rate from solid dispersion are (Ford, 1986)



reduction of particle size

deaggregation or deagglomeration of particles
soluble complex formation

changing crystallinity of active ingredients.
changing the microenviroment of powder in solid
dispersion.

increasing wettability of powder.

7. combination of the aforementioned mechanisms.

I
It is. beﬁévké{ ‘y the solid dispersion can play an
important role in increasing..dgfsqlutio { @n and therapeutic efficacy of

poorly water-soluble drugs i future forms. However, the solid

dispersion systems :V ve someé lumitations upon application to
manufacturing process. Katople, the pc tial processing problems were
formation of sticky mas /as those of chlorpropamide and urea systems
(Wells, Rubinstein _ rs, 1975). . Othier problems include the
physicochemical stabili ighfis generally poor or compaction process which
often destroys the e t of disSol ion by solid dispersion. Chiou and
Riegelman found that 11S€0 with eit{ler PEG 6000 or citric acid

hardened on storage.

A I

o

The dissolution characteristics of a drug can be altered by
dispersing it on the)surface of an iﬁei‘t'carrier;j = solid surface dispersion
system is defined as-the-system-in-which: ne drug | stributed on the surface
of an inert carrier to increase dissolutio 1e drug. The new approach of
solid surface dispersi:dn to increase the dissolution rate of poorly soluble drugs
is based on the concept.of increasing th%jurface area of the drugs available for

contact with tﬁdﬁjﬁ ‘mm ‘j W EJ f] ﬂ j-

“UThe solid surfag.e dispersion systems are achieved by two

methoﬁ icti m iti m i and solvent
deposit nﬁggﬁﬁ mﬂﬁ; siti réfhpcf omplished by
grinding”the drugs with inert carrier. Solvent deposition is prepared by
dissolving the drugs in a suitable organic solvent and then the solution of drug

is dispersed on the surface area of an inert carrier with extensive surface area.
The solvent is taken off by evaporation with or without the aid of heat.

In manufacturing powdered preparation, grinding is generally
used for reducing the particle size of a solid, since the dissolution rate of poorly
soluble drug is strongly affected by particle size. It had been reported that a



strong grinding force may give crystalline solid an increase in the activation
energy on the surface and in the distortion of crystal lattice together with
reducing the size. This had been reported by many researchers. Nakai et
al.(1977) studied that upon grinding of benzoic acid with microcrystalline
cellulose, the drug became amorphous and its dissolution rate was markedly
improved. Yamamoto et al.(1978) also reported that a mixture of griseofulvin
and microcrystalline cellulose prepared by grinding in a vibration ball mill
was shown to dissolve and absorb significantly faster than those from
micronized griseofulvin po They proposed that the possible
transformations taking place du ? ibration ball mill process were initial
size reduction of drug .Ql_'zstalhne d its interaction with cellulose
which had also becommhou_g d milling process, or by production
of lattice defects W tress and-impact stress. Moreover, Sawayanagi
et al.(1983) reporte otphious state-of some crystalline drugs such as
prednisolone, gris in,4nd phénytoin, was obtained by grinding with chitin
or chitosan. =

AT -
4 ‘l

._hqng"‘(IQQO) reported that the dissolution of
fihanced by ‘ge solvent deposition method on the
(modified starch), mobile starch

' 1 (medified cellulose). The solution of
dispersed on the surface of the support
evaporation. The resulting material
onized state on the surface of the
the drug can be improved

material and the solvent was fal “faken ¢ _
contained the drug in a mgt_cular 7
carrier. It was sug gested that the‘dlssolutlon rate
by combination prilie-disiiitegiation i :r:;r:'i-a- deposmon effects. Another
publications sud{ _as solvent depo t x_i)sJ of piroxicam using five
excipients of lactose, soluble starch,” erocrystjllme cellulose, silicagel and
kaolin also showed gnarkedly mcrease in the dissolution rate (Chowdary and

Mot I ANYNTNYNT

Y In conclusm the solid surface dlspers1on systems can be

reg 1spersed on the
ey W] BN ﬂnﬁ‘a‘ﬁfmﬁﬁm el size. and o
concoﬁntant increase in surface area serve to increase the thermodynamic
activity of the drug in the dispersed state which, in turn, greatly enhances the
dissolution rates. The solid surface dispersion system is a potential

pharmaceutical technique which can play an important role in increasing
dissolution rate of poorly soluble drugs.
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1.4 Hydrophobicity reduction

A major problem of traditional particle size reduction of the
poorly water soluble drugs is that it results in a very cohesive powder. The high
surface energy may lead to the formation of aggregates and agglomerates. The
drug particle aggregates tend to be hydrophobic and thus, are difficult to wet.
This problem is overcome by reduction in hydrophobicity of the drugs. The
approach "reduction in hydrophobicity" of the poorly soluble drugs to enhance

the dissolution rate based on the, pts of reducing theirs particle size may
give greater problems with wettm d penetration in solid dosage form.
Since liquid penetration is.the first steplart the disintegration and dissolution of

the solid dosage forms, - the-overall preﬁ@ay be penetration limited, thus
reduction in hydrophgbieity 6f the (drugs may.be an effective method. In an
ideal situation, the 4?(“‘ ¢ continnously released from the solid dosage
forms as well-wette {; at the maximum surface area afforded by
the powder would ' _to e dissolution medium. For hydrophobic
drugs, such a situation fﬁcdt’ but it may be possible to achieve if the
surface properties : agged from hydrophobic to hydrophilic
ones. The changes phob1 of the drugs may be accomphshed by

several methods, such a coatulg w,ptp hydrophlllc material, using a surface
active agent, and mixi th ahydro@lhc material.

b

Lerk et al. t[ﬂS) squully used a technique for reducing
the hydrophobicity of dmigs: w1ﬂ1—‘ﬁ¥droph1hc polymer (hydroxyethyl
cellulose)to enhancg dlssolutlon rate of poorly wm;ex- soluble drugs. They also

0 s-dep t-om: -thie amounts of hydrophilic
polymers used and oreis the optlmum percern ge% the hydrophilic polymers
used to increase the.dissolution rate of the drugs. The method appea:red similar
to a conventional grabn atlon techmq&g and simply relied on improving the

maonie Bp L) 9 TTO T TIREFFgreey o= =
could "?ll eni'lgﬂzﬁ %mmﬁtﬁﬁ?ﬁ;&t @lebizuguagg:rg}s’

reducing hydrophobicity of the drugs. Khalafullah et al. (1975) used dioctyl
sodium sulfosuccinate to reduce the hydrophobicity of phenol sulfonphthalein.
The addition of surface active agents could lowered the surface tension and
decreased the contact angle. Reddy et al.(1976) also used dioctyl sodium
sulfosuccinate and poloxamer 188 for enhancing the dissolution of sulfadiazine
and sulfisoxazole. Therefore the dissolution rate of poorly soluble drug may be
enhanced by administering with a surface active agent.
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Another method to reduced the hydrophobicity of the drugs
is mixing with a hydrophilic filler, such as starch, microcrystalline cellulose,
polyvinylpyrrolidone, etc. Starch, has been shown to enhance the dissolution of
poorly water-soluble drugs, particularly when it was granulated with the drug.
Marlowe and Shangraw (1967) prepared sodium salicylate tablets by wet
granulation techniques using either lactose or a mixture of lactose and corn
starch as filler. They found that the presence of starch dramatically increased
the dissolution rate of the poorly soluble drug.

2. Determination of Mku}f)! ms of Increasing Dissolution
Many methods- can give‘%ja;von as to the mechanism of

increasing dissolution=wath-respeet to-the- sical nature of a dispersion
system. In most cases; i atiKns of several methods are required. The

¢ following (Bloeh,and Speiser, 1987):

2.1 : }yfié_ & -

e 1Mo gd‘tpmon approach used to study the
physico-chemical i or mote component systems. Several
modified techniques ugilizing the prin iple of ihange in thermal energy as a
function of tempera are’ co method, thaw-melt method,

o
. 3 J 2% g, o R i . . .
thermomicroscopic me od-diffcrential thermal analysis (DTA), differential

A Aret smal methods to study the
phase equilibria of cither a pure compound or mixture. Differential effects,
associated with physical or chemical changes ar¢ automatically recorded as a
function of temperatuge or time as the substance is heated at a uniform rate. In
addition tom m;ﬁ w i sitions, evaporation,
sublimation, des Iggo %ﬁs ﬁ“@i%:l can be quantitatively
detected. Th8Se techniques are especially valuable in detecting the presence of
a sm t.of gutectic. 1 ixture, use_ 1 ing at the eutectic
b o LML 5 G hh sk smal i
of melfing at eutectic temperature can often be missed when employing thaw -
melt or thermomicroscopic methods (Chiou and Riegelman, 1971). Ford(1987)
used DTA for studying the properties of several drugs such as chloramphenicol,
glutethimide, griseofulvin, indomethacin or paracetamol with PEG6000 from
solid dispersions. Another solid dispersions or mixtures studied by DTA or
DSC have been reported by many researchers (Guillaume, 1992 ; Millar and
Corrigan, 1991 ; Geneidi, Adel, and Shehata, 1980).

LM Al L0 aan



12

2.2 X-ray diffraction

In this method, the intensity of the X-ray diffraction (or
reflection) from a sample is measured as a function of diffraction angles. The
diffraction method is a very important and efficient tool in studying the
physical nature of solid dispersions. It detects in a simple way crystalline and
amorphous components. For example, the utilization of X-ray diffraction
could indicate the amorphous character of oxidipine in coprecipitate with PVP,
the X-ray diffraction pattern of dokn e was flat which was different from
pure oxidipine or its physical mixt e et al., 1992). This technique
is also particularly valuablé in detectin; éﬁ?md or complex formation since
its spectra or lattice Jﬂ@Ers dfe 11 different from those of pure
components. It has 10 study quantitatively the concentration of a
crystalline component ixtute., The heightiof diffraction peaks may be
attenuated by a reducti f erystallite size. In addition, this method has been

Rl

used to study the stability of & spersmp . The amorphous form is transformed
into a crystalline foum after’ at high temperatures, as shown by the
appearance of its sha iffracti _ji ' Chlou and Riegelman, 1971). This
study was used to stidy 10us: diSpersio systems (Shiraishi, Imai, Iwaoka
and Otagiri, 1991 ; Nak oney and Whelam, 1976).

2)-proposed. the dissolution rate method
to study the degneé of crystalllmty in solid-solid’ equilibria, especially in
temperature regions |below solid-liquid" cquilibria. The method involves
comparing the m-v1tr dissolution rates of the solute component from a

g?ﬁiﬂgﬁ%ﬁm W %{Hﬁ %]gg[;ﬁnﬁnth a physical mixture
dissoh%ﬁag mﬂmmﬁtﬂ%ﬂqﬁ legllfagllglsizzg

difference between the dissolution rate of the physical mixture and the
corresponding solid solution, and (c) the use of the same polymorphic form of a
drug in the tablet of the physical mixture as that precipitated out from the solid
dispersions. Furthermore, one must assume in this dissolution method that the
distribution of particle size (may be as small as on the subcolloidal
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range) precipitated from the solid solution or glass solution dose not affect the
dissolution rate. Such assumption needs to be proved experimentally. In most
cases dispersions cause an acceleration of dissolution in gastric fluids. (Mishra,
Varma and Jain, 1983 ; Deshpande and Agrawal, 1982; Sawayanagi, Nambu
and Nagai, 1982).

2.4 Electron Microscopy

This method ofte ed to get a primary information of the
J lymorphism, particle size, shape,
tion, and to detect amorphous

- L‘,\

3 > ; e (SEM) was used to study many
of the dispersion syst€t char: stiés such as the surface of compacts before
and after dissolution festing of frusemide/PV id dispersions (Doherty and
York, 1987). Kaneniwaé /atari (1977) used SEM to observe the particle
surface and to determific ghe @moutit of sulfonamide dissolved.

surface appearance agglomei
and crystalline structures.”

ﬂuﬂﬁﬂﬂ%SWﬂ N9

AR aﬂﬂﬁgﬂi 2083 Y

The molecular structure of HCTZ is shown above. The empirical
formula is C,;H;C1N,0,S, with a molecular weight of 297.73. The chemical
name 1is 6-chloro-3 4- d1hydro-7-sulfamoyl 2H-1, 2, 4-benzothiadiazine 1, 1-
dioxide.
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HCTZ is a diuretic drug of the benzothiadiazine group. HCTZ
occurs as a white or practically white, practically odorless, crystalline, powder
and has a slightly bitter taste. The drug is slightly soluble in water and insoluble
in ether. Its solubility in some commonly used organic solvents are: acetone
(13.7 g/100 ml.), acetonitrile (2 g/100 ml), ethyl acetate (0.59 g/100 ml), acetic
acid(0.15 g/100 ml),chloroform(0.1 g/100 ml). It is soluble in aqueous solution
of inorganic bases like sodium hydroxide or ammonium hydroxide. HCTZ has
two pka of 7.9 and 9.2. Its melting points vary within the temperature range

from 263 to 275°C (Deppeler, {9\8'1, /

Storing of Hﬁiat roon{/ﬁyature for five year shows no

degradation and heat Wery"slo ity ~erg treatment for 2 hours at 230°C
gives a yellowish di fi but. nosigni t change of the physical
properties. /

-

HTCZ is e~dmretic used for the treatment of edema
associated with cong€s it f3ily nh,] and hepatic disorders. It is also
used in the treatment Of rtension citl er alone or as an adjunct to other
hypertensive agents. Its anism- of ‘action 18 to increase the renal excretion
of sodium and chlorid scompanying volume of water (Mudge, 1980).
The drug is absorbed fro ﬁi‘tr ict plasma concentration reached
within 1.5-5 hours and the “4iéa un concentration curves was linearly

correlated with the dose. Abserp tlon @mral drug dose was in the range of
60-80%. More than 95% of the absorbed H@Sf }(creted unchanged in the
s 15 5.6-14.8 ho ours. — Excretio: Jf the drug is essentially

urine. It's half-lives
complete within 24 -iaours (Marvola, 1979)

0 on dosage schedule
among hype ﬁ tient ﬂ gﬁm ﬂ(%’m Dosage can vary
from 25 to 2 mg as a smg dose or 2 divided dose. For management of
edema, the dosage is 25-20 g_ﬁ' daily in 1-8«~divided doses/ Pediatric dosage

1 -37.5 f
Icnh?’d;eﬁﬁlep t§a2ays§ar@ age. Dosage ﬂnfﬁ)s?vqere tﬁl @ E;S 50 al?ugd lg(;

mg. Preparations of hydrochlorothiazide in Thailand were 50 mg tablet.
(Gwendolene, 1990).
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4. Carriers

4.1 Chitin

NHCOCH3

e repeating unit.

Chiti plenti atural olymer next to cellulose
and it is widely distriby oughont itin occurs as a major
cuticular or skeletal ¢ ‘ some other invertebrate,
and in some fungi.

Like cellulose,

ine p ysaccharide

glucose (N- acetylglu osammé)‘ ‘ﬁs’ sh6 A e crystallme forms of
chitin are «, B and ¥ ehitin. o-C he tightly conipacted, most crystalline
polymorphic form wheére th are ar an anti- parallel ; B- Chitin
is the form where the jains'_dfe parallel ; and y-Chifin in the form where two
chains are "up" to every one "down". The three forms of chitin have been

found in diffe Tts it serves as an
alternative to c mM?ﬂﬂm gen. The y - chitin
is usually foundq-frequently sclero ed and encrusted with eral deposites ;
B and y g: ?;I ]dl s providing
toughnes ibi Taﬁl ﬁmaﬂ ‘l lo ﬁoﬁ‘: tions other
than that “of support, such as control of electrolytes and transport of a
polyanionic nature.

The solubility study of chitin showed that it can be dissolved
in the concentrated mineral acids, anhydrous formic acid but insoluble in water,
diluted acids, diluted and concentrated alkalis, and many commercial solvents.
Chitin is- hygroscopic but thermally stable up to about 260°C (Muzzarelli,
1977).
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Chitin is primarily obtained from invertebrates and fungi.
The most easily exploited sources are the protective shells of crustaceans such
as crabs and shrimps. Thus, the natural sources of chitin would be the waste
products of other industrial processes. Since waste disposal is becoming an
immediate problem, chitin appears to be a very desirable source of new
material. In  addition, it possesses favorable characteristics such as
biodegradable, biocompatible, biopolymer (aminopolysaccharides), almost
nontoxic, changeable in the molecular conformation, and have amino and
hydroxyl groups which are c ally modifiable. These  properties
consequently make it a very blomatenal Some applications of
chitin in the phannaceunca,[&eld are

ectly compressed tablets and
ut_12-20 w/w) of chitin (Bruscato and

a) us
wet granulation tablet ¢
Danti, 1978)

lowering properties
by direct compression

release preparation. J j
Nishioka and c&workers (1990) found that the

incorporanorx;ﬁ %J m m chitosan microspheres
produced a lm Iﬁm nt ch led to inhibition of

the initial bursteffect and retarda‘tlon of the rate of drug released

o V) o b i URADI A B

Magdassi and Neiroukh (1990) found that stable emulsions
were obtamed in the presence of 2.5% (w/w) chitin or 0.5% (w/w) chitin plus
0.005% (w/w) tween 80.

Moreover, chitin and its derivatives have found potential
applications in several fields such as medical uses, personal care used,
-agricultural uses, biotechnology uses, food uses, clarification and waste
management, etc (Lower, 1984 ; Sandford, 1989).
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4.2 Chitosan

chitin, is the nam - fou’ low ace s'of chitin and is composed
primarily of glucos aming -D-glucose, the structure was
shown above. It can‘be i

higher percentage of ni 7% ormore inproduct. It is insoluble in water,
organic solvents, alkali, aci  (ex der certain condmons) and is
soluble in diluted acetic ac1d»,.ﬁmc acid ac1dlc pH's the free amino groups
(-NH,) become protonated to. f_ :ationic.amine groups (-NH3) (Muzzarelli,
1977).

~ chitin, S - “nontoxic, odorless, and
biodegradable subs ' i used commercially is
determined by its physical form (ﬂake wder solutlon) its purity (ultra pure,
standard, ind m w viscosity, percent
deacetylauonﬁrﬁ/ﬂrﬁ mﬂr aﬁ imately the cost. The

molecular weight of chitosan degends on the Frocessmg co&x;htmns and many

VRO -

Chitosan has several properties relating to commercial uses and
variety of applications. It has favorable characteristics like chitin and can be
used in a variety of forms such as powder, solution, gel, film, fiber, bead,
membrane which leads to a more attractive biomaterial than chitin. Some
applications of chitosan in the pharmaceutical field are as follows :
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a) used as excipient in tablet preparations : like chitin,
chitosan has been used as a disintegrant in directly compressed tablets
(Bruscato and Danti, 1978) ; as a directly compressible diluent (Sawayanagi et
al.,1982) ; and as a dissolution enhancer of poorly soluble drugs (Sawayanagi
et al., 1982, 1983).

b) used in controlled released preparations
Dried gels of chitosan containing indomethacin or
papaverine hydrochloride were studied. Sustained release of the drug from the
dried gels was obtained with a eo;lgw ¥ t; (Miyazaki et al., 1981).

Direct*eompressio of propranolol hydrochloride

(water soluble drug) tahmre pgepacéﬂfﬁy-:l.wing chitosan as a vehicle and
zero-order controlled.seledasc-of the drug was. obtained (Sawayanagi et al,
1982). In addition Nigalays 90) fou that the use of chitosan at a
concentration of 50% g &t /weight produced a non-erosion type matrix
system but when used@ i 4t low gconcentration(10%) the sustained release
properties were not o =g\
. Yy

of Cisp

L F

; il AP
Nt

\
\ -

heres | of  cisplatin were studied, the
in release  decreased with increasing

here (Nishioka et al., 1990).

results showed that the f2 g
concentration of chitosan in the

oorly soluble drugs (micronized

griseofulvin, ibuprofen, md@hac “sulfadiazine, or tolbutamide) were
prepared by using_polyelectrolyte comple ormation properties of chitosan.

The drugs were dispers : Ldropping these solution to
the solution of counterion tripolyphosphate or &alcium chloride, then the
droplets of gelled spheres were obtaine odlp‘pier and Paeratakul, 1989).
This technique could probably be employed to prepare spherical agglomerates
of the drugs for infproving flow erties of drug crystals with fast

dismtegraﬁoﬁ:qgjiﬂpfgrﬁgﬁﬁ? miveloped to prepare a
sustained release dosage form by coating ads with organic polymers.
: ¢ o Y
Q W,] a mmmﬁgm&‘@g&l}f dosage forms

that proﬁmg the residence time in the stomach. It has gel-forming properties in
the low pH range, that may prevent or weaken drug irritation to the stomach.
Karlsen and collaborators (1991) were able to produce chitosan - drug
containing granules with internal cavities, which will float in the gasrtric fluids
and gradually swell in pH 1 to 8 . When this formulation was tried with
prednisolone as a model drug, a sustained release effect was readily obtained.
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d) used in film preparations
Miyazaki et al (1990), using diazepam as a model drug,
produced a film composed of a 1:0.5 drug - chitosan mixture which might be an
effective dosage form that is equivalent to the commercial tablet dosage forms.

e) used as bioadhesive polymer
Chitosan has been useful as a bioadhesive material.
Takayama et al(1990) investigated bioadhesive properties of chitosan and
sodium hyaluronate, the results s sted that the tablets containing both
polymers have strong adhesive fdi:ég release rate of brilliant blue  (as
a model of water soluble dz from c - sodium hyaluronate tablets was
greatly affected by the ch the g}lyménng ratio.

4.3 Low 7

Low fcia
chitosan. Its struc '
chains than those of chi
weight was reduced.
3,800-25,000 dalton (

¢i ht\chntMMCS)

ine wnits, and showed shorter
drolysis process, the molecular
slecular weight ranged from
) , in this study, as kindly supplied
by the same company (Kusita, W‘;‘dter adustries 1.td.), the molecular weight of
the tested material was about 1-,660 dalfy

J'f:-f._ i ’.

Leyé molecular wel
properties different & om those of
It is soluble in water, ?ﬂld solution, and al

mexss such as the solubility.

soll.}:f}on.
potential uses in
phannaceuncafm &mmj)ﬁmmm and dissolution

properties of any poorly - water soluble drugs. Th unprovement of
S R TR N AR S
mazep% pre aa studied by
Shiraishi ‘et al. (1990). Furthermore, Imai et al. (1991) also reported the

interaction of indomethacin with LMCSs which improved some pharmaceutical
properties such as dissolution rate and absorption behavior.
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4.4 Polyvinylpyrrolidone K30 (PVP K30)

e of PVP.

is shown above and its
a white to creamy white,
Its melting range is over 275
soluble in water up to 60%
ts, including monohydric (ethanol,
sters, ketones, methylene chloride,
uble in ether, hydrocarbon, carbon

odorless or almost odorl
°C with decomposition
and freely soluble in m

chloroform. In addition, it is'a ' ‘
tetrachloride, ethyla‘@tate and mineral o

can ragent, suspending agent or
viscosity builder, ta binder, coating agent. Mozeover, it can be utilized in
preparing solid dispersions as a carrier guch as oxodipine (Guillaume, 19923,

T T e G o
R TREASTHHMI TN I, &

HO CH, (CH, OCH,) 9.4 CH,OH

Figure 5 The molecular structure of PEG
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The polyethylene glycol 4000 is a water soluble synthetic
polymers, the repeating unit being oxyethylcne(-OCH, CH,-)with either end of
the chain comprising an hydroxyl group. Its molecular weight is 3000-4000.
PEG is an almost tasteless, creamy white, hard, wax-like solid or flakes or
white free - flowing powder with a faint characteristic odour. Its melting range
is 50 °C - 58 °C. It is soluble with 1:3 water, 1:2 alcohol, and chloroform and
practically insoluble in ether.

ly as stabilizers of emulsion, water
miscible bases for ointments or base sitories. Moreover, the aqueous
solubility or dissolution Characteristi soluble compounds can be
enhanced by making sgli i ich as.diazepam (Anastasidou, Henry,
Legendse, Soulean an 983), hyc orotlua21de (Kassem et al.,

1982), hydroflume id€ , griseofulvin (Chiou and
Riegelman, 1969).
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