CHAPTER I

INTRODUCTION

Rationale

Cyclodextrins (CD ‘ uable material and well known for
their ability to e molecules, conferring on then
new physicochemica the greatest interest in
cyclodextrins conc a3 Jh ater solubility, stability

and biocavailabilit

Indomethaci #5611 ght] luble in water, (0.4 mg/ml)
(Brieﬁ, MaCauley osen as é model drug. This
drug exists in refore, possess different in
physigochemical properb&zgﬁ——{‘ 3 solubility. Moreaver, the

dissolution crit. USP XXII requirement

Y

is also high, (:-i m' mins.) thus the rapid

solubllxty shoul- be achieved. The pap1d dissolution rate of the drug

from  the ﬁﬂﬂﬂ%ﬂﬂ?“ﬂ"rﬂﬁmbly important in

manufacture thls capsule %poduct. It was claimed that the products
“o RN FOUHRTINIE YRY o i
could exhxhxt higher bicavailability, thus reduce in dgastric

irritation and in dose administered.

An effort had been made to increase the dissclution rate of
IDM with CDS (Hamada et al., 1975; Kurozumi et al., 1975; Lin et al.,
1988; Lin et al., 1981 and Uekama et al., 1987). These reports

prepared IDM inclusion complex by using different method and CDS. The
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nature and the physicochemical properties of IDM products depended an
the method of preparation used. Furthermore, the more amount of CDS,
the more dissolution rate obtained. There are several methods to
prepare the inclusion complex such as coprecipitation(Kurozumi et al.,
1975, Kedzierewicz, 1990), lyophilization or spray-drying (Gandhi and

Karara, 1988; Helm et al., 1991; Kurozumi, Numbu and Nagai, 1975; Lin

and Kao, 1989; Lin et Oguchi et al., 1990), cogrinding

(Gelebi and Erden, al., 19863 Lin, Kao and Yangd,

J
19883 Nakai, 1986), i waand-Yamamoto, 1989; Uekama et al.,

~(Nakai et al., 1987, 1989;

1987) and the lat

Yamamoto et al., 1

In this le dispersed technique was
employed +to such as grinding, kneading

and solvent method. - i }  (a-,p- and §-C0) and p-CD

as considered to he of

primary interesty’ the dissolution of IDM

when incorporated 1th these CDS. From the preltmtnary study, the data

showed thatﬁuﬁcﬂfs Wﬂ‘ﬂ?“ﬁpﬁ‘ﬂ?stems were improved,.

especially 1quthe initial stage and also cbserved the change in the
physxtﬂ:wqﬂg&mmu wwwg"‘ﬂ Elt.he effect of
the phy$icochemical properties of IDM in dispersed systems on the
dissolution was also investigated. Maoreover, the type of preparation,
type and quantity of CDS that influenced on the dissolution and the

physicachemical properties of IDM were studied, taa.

For the -CD derivative, DIMEB, claimed to has superior

properties than the parent CD, p-CD sudh as high solubility in water



3

(57 €/100 ml atéZS C) and many organic solvent such as alcohol (0.74
g€/100 ml) (Duchéne, 1990b), higher solubilizing capacity, less
hygroscopic that is of advantage in the case of moisture-sensitive
drugs, so that DIMEB can preferably be applied for solid dosage forms
(Szem;n et al., 1988). There are several reports showed the

increasing dissolution of drug molecule via inclusion complex or

ler and Guillory, 1981; Uekama et

ﬁund to be the most efficient
,-d .
B~ t Oy

s-CD  (RAMEB), 3-

incorporated with DIMEB (Gréen
al., 19853 etc.)

solubilizing agdent
tri-0O-methyl-p-CD
monosuccinyl-heptak of p-CD (SUMEB) and p-
CD when studied phs (S%anin et al,,1988). Among
the four CDS used i the highest solubility

in water follawed ; ;ﬂw‘ ‘ aspectively. Then DIMEB

1. Study 59d compare phy51cochem1cal properties cf IDM

powders theﬂ uﬂq ‘H Hhﬂj ws}%ﬂs‘j techniques such as

gmndxng,knea ing and solvent‘me’c.hod usxng dlfferent.ds as carriers.
2. Study the influence of physicochemical properties of
IDM dispersed systems, type (a-, p-, §-CD and DIMEB) and quantity of

CDS used on the dissolution profiles.

3. Select appropriate IDM-CD systems to prepare capsule and

compare dissolution profile with the corresponding powder formula.



Literature Reviews

The dissolution-absorption process of an orally administered
drug can be expressed to the first approximation by the Folldwing

kinetic model:

F k

d
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soglid dr absorbed drug

‘X&\" inistered dosage
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\( lved drug in the

where ¢ F

f‘/

ug in blood

In many Bse .34

in water), and theqrf re the diss txon rate is the limiting factaor,

o e conf] AN AT IS s

This can he done by the following methods,

ARIANN I AATINYIaY

1. Reduction of particle size

’U- drug is poorly soluble
E |

A decrease in the size of the particles increases the
effective surface area of material in contact with the stationary
layer of solvent and therefore the rate of solution increased; The
enhancement of drug dissolution and absorption could further he

increased several fold if a micronized product was employed.



' Decreasé in size or increase in effective surface area
does not always result in faster dissolution rate. When the drug is
hydrophobic, aggregation and agglomeration, or air adsorption may
result in boor wettability and reducing the effective surface area and

dissolution.

2, Applicationl properties of the drugs

The pH!ﬂ!---ﬂ A COmpoun more than one crystalline

state 1is known as

a't polymorphs are known to

v\\\ e «ifs such as solubility,

elting point and stabhility.

possess different

dissolution rate,

A moré soluble " used to impraove the

biocavailability of relltively ins ] A 50-100% increase in
s

dissolution rate

can be —res 3 ly achieved through polymorphic

modifications(Shefi

&~
3. Use ofmrat.er soluble saH'. forms Iﬂ
ﬂ‘lJEl’J NENTNYINT

solubility 2? organxc drug compounds, which are

~ QRGN TN HAGE e o

the sal form of +the drug; the smaller the counterion, the moare

soluble the compound is likely to he.
4, Solubilization by surfactants

Surfactant or surface-active agents have variable effects

on the dissolution and biocavailability of a drug. Drug particies



usually are hydrophobic and poorly wet by dissclution medium. In the
presence of surfactant, the fine particles are wetted and +the
dissolution rate is enhanced. Furthermore, the solubility of a drug
is improved when the surfactant is present in excess of its critical

micelle concentration(CMC) but not when it is below its CMC. Singla

and Medirstta developed ethacin complex and studied the

effect of sodium laur rug release kinetics from the

?J.

capsule formulation found w lauryl sulphate enhanced
the percentage OFM Ived (Singls and Mediratta, 1988).

isintegration time and this
can lead to increase nd therapeutic effectiveness
of the drug. Tarimc;jléﬁtgg 37;.‘ udied Qhe effect of CD polymer
which is 8 crossdi : :IDM tablet formulation
prepared by direc%o eym'ound that, CD polymer was

the goad dxstntigrat1ng agen 5 he dissolution increased

’}ﬂ‘i
aA ']»M AR UBIINLIA Y

sxgn1f1cant

The incorporation of drugs into solid water soluble
carriers has frequently been reported to result in an increase in the
drug dissolution rate, often leading to an improvement in
bioavailahbhility. Such dosage forms are terms "solid dispersions",

these being defined as "the dispersion of one or more active



ingredients in an inert carrier or matrix at solid-state prepared hy

the melting(fusion), solvent or melting-solvent method".

The dissoclution of IDM-PVP coprec{pitabes have been

investigated by Corrigan et al. They reported that co-spray drying

IDM with up to 20% PVP a fused amorphous solid. Apparent

solubility and dissal llustrated the higher energy of

IDM in these sys e \irecEfiCameaf PVP in the solid retarded

1985). Somlak elu
dissolution of 1 ‘» “ Y. S vént solid dispersion with
mannitol,PEG 4000,PV ] ;ﬁE ')1 ' four systems, solid dispersion
systems showed
mixtubes, treated DM all dr: He found that IDE polymorph Form
I to Form Il imddll solid ,-rr;; ..... m as i b eated drug, except for
.; amorphous form., Complex

U

formation was also appeared in IDM -PVP K 30 and higher ratio of IDM-

SL soltdﬂ ﬂ;ﬁjﬂnﬂ ﬂdﬂ,éﬁnw EJ{]:ﬂ‘jpenetramon studied

demonstrated that wettabllﬁby 1ncreased in both sqi}d dispersion and

SRR RINUUNINY1AY

Ford and Elliott reported the effect of particle size on the

IDM-PVP K 30 sol

dissolution rate of IDM-PEG 6000 dispersions and the gastrotoxicity
in the 10% IDM dispersions, It was apparent that an optimum size
range of particles existed for maximum dissolution rates but the
larger sized particles produced more gastric damage than the smaller

particles (Ford and Ellictt, 1985).



7. Solubilization by solid surface dispersion method

The dissoclution characteristics of drug can bhe altered by
dispersing it on the surface of an inert carrier (Shefter, 1981). The

solid surface dispersion systems are achieved by two methaods,

deposition of the drug b ents on solid supports (solvent

& certain materials such as
cyclodextrins or mi ﬁe (frictional deposition or

mechanical deposy Se | « used "miniscular form" to

ial contained the drug in a

deposition) and by ¢

"molecularly micr ¥ jstate on f‘ace of the carrier. The
found to be dependent on

the weight ratio of bR o 5. When low fractions of drug are

8. Solubilization b: y clodextrins—afld/ their derivatives

Cyclodextr‘ms re well known f‘or ability to encapsulate
mﬂ%ﬂﬂ WE}%‘%"W BT Grrarins on whem n
physxcochemx and pharmar"ut.echmcaldropert.1es, ﬂcludmg‘ increase

solubq anﬁalﬂ ﬁmg%mqb‘a nﬂq adﬁ incidence of

side effects, The physicochemical characteristics and phar‘maceutlcal
uses (especially increasing dissolution) of CD and CD derivatives are

present in detail.



CYCLODEXTRINS (CDS)

The o,p and §-CDS are cyclic ocligosaccharides consisting aof
six, seven and eight glucose units which can be obtained on a larde

scale from starch, The ring formed is externally very hydrophilic and

113 CDS  were interested in the
. “‘-i'ﬁlities to interact with drug
molecules to formweomples @er disirable properties on

the drugs. The

relatively apolar

pharmaceutical sciences

plications of CD complexes and
complexation phen %\\\ =4 al., 1991; Jones et al.,
1984 Szejtli, 1§B
a) conversi into a solid product

bB) masking a Eleasant. odour of a compound
c) avaidance

ity of uncomplexed compound

with other drugs

d) stahimsa

sensitive to tempeieture, hydroly is, autooxidation, photodegradation

ﬂ‘lJEl’J‘VlEJVIﬁWH’]ﬂ‘i

mcreasmg aquedus solubility and ease @f emulsification

or aammmmzuum'mmaa

f) enhancing the in vivo absorption and hence biocavailability

m:ich could otherwise he

of a drug with low aqueous solubility (because of an increase in
dissolution rate) finally, drug-induced local irritation is reduced

g) specific reactions (such as catalysis) can he made mare
selective by the inclusion of specific functional graups

h) the color of a8 compound may be changed as inclusion

usually invalves a change in spectrum of the molecule



10

i) altering the formation rates of isomeric products

1., Preparatibn, structure and properties of cyclodextrins

1.1 Preparation of cyclodextrins

CcDS Vllliers from the degradation

products of starch hat th cyclic oligosaccharides

by Schardinger. They v rise (~1,4-1linked D-glucopyranose
units, = \ \\s\\\»

by +the hydrolysis and

cyclisation of star CD transglycasylase (CTG)

enzyme, most usually of Bacillus micrcorganism

e.g. Bacillus macerans{ fni of CDS can be subdivided in
S :

the following maili phases: :,,"

Y. A
-Iﬂc- -oﬁﬁanism producing the CTG
. .-

ﬂ u&’aﬂ%'ﬂij E}q'nﬂ ﬁ*om the medium, its

concentratton and purification;

AT el UAIF VB s o«

mixture of cyclic and non-cyclic dextrinsg

enzyme;

= separation of CDS from the conversion mixture,

their purification and crystallization.

The biosynthesis of CDS have been discussed in detail

by Szejtli (Szejtli, 1988)., Chemical systhesis of CDS have not been



11

reported. The yields of the various types of CD are in the rank arder

g>a>§-CDS and this is reflected in their relative prices.

1.2 Structure and properties of cyclodextrins

Nuclear

diffraction studies i é)sir formation for
molecules. CDS ar sh ean in Figure

resgnance (NMR)

secondary hydroxyl
units being loce torus, while
hydroxyl s€roups o ~ positioned he opposite

torus,

and X-ray
the glucose

1 s+ the
the glucose
the primary

side of the

Figure 1 The structure and numbering of the atoms of g—CD;s

(O primary and —® secondary hydroxyl ¢groups).
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The hydroxyl groups on C-2, C-3 and C-6 are av;iiable as
points of structural modification without danger of eliminating the
"central void" which, as will be seen, 1is available for the
accommodation of guest molecules. The interior of the torus consists

of two rings of C-H groups, comprising H-3, H-5 and H-6, and a ring of

glucosidic "ether" oxysgen | : The interior of the torus of each

type of CD therefore ¢ ent of much lower polarity than

—J
Q"hydrophob ic cavity". The

-shaped - with the C-2, C-3 side more

is present in wabte

cavities of CDS ar

open than the i =< C-H &roup

CAANNN
ﬁK\7

comprising H-1, H-2 and H-4

are located on t le, Fidure 2 shows a

e

sket.ch of the charsa res of cyclodextrins.

AU INENiNeINg

Hydrophobic

QRIAIN Y HR

of
ndary
 hydroxyls

Edge of
primarv
hydroxyis

Figure 2 Functional structural scheme of cyclodextrins.
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The C2-0H ¢group of one glucopyranoside" ﬁnit can form a
hydrogen bond with the C3-0H group of the adjacent glucopyranose unit.
These intramclecular H-bonds stabilize the CD molecule and turn the
CD molecule into a8 rigid structure. This is the probable explanation

for the observation the p-CD has the lowest solubility of all the CDS.

a—,p~ and §-CDS are the mos ( 7 used natural CDS. Table 1 lists
some of the important hysicochemical properties af

CDs.

262 A? C 427 A3

CH,OH
8-CD 4-CD
CH,OH ~0/OH //<E " Hiee Y] s 256 mL
"l o
0.107nL 0.14 mL 0.20 mL

 AugIneninenns
RINNIUUNININY

Figure 3 Structure and cavities volume of a,g and

§ cyclaodextrins.,
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Table 1 Physical pﬁopevhies of the natural CDS.
Physical properties a B ]
Number of glucose
residues: 7 8
Cavity dimensions (?

— Cavity diamet7 . 6 8
— Height of torué™: : .9 7.9
— Diameter of p " | 5.4 17.5
Molecular weight 135 1297
Aqueous Scglubilit 1.85 23.20
Melting point ( C): 280 275
pKa % 12,2 18,1
Half-life of r' 
opening (hr;'f;____—___ 3.0
Enzymatic hydrolgﬂls 4’: negligihble | slow rapid
Crystal for - fa " g
(from watenﬁsu El ’J VI nxgﬂleln:]xoaiic quadratic
' y =1 s .
AWIANN AR INY THE
— , '

1) in grams per 100 ml water at ambient temperature

2) pKa : by potentiometry at 25°C

3) Half-life of ring opening : in 1 N HCl at 6§0°C

4) by Asperdillus oryzae a-amylase
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2. Metsbolism and £oxicity of éyclodextrins

After oral administration, CDS are not hydrolysed during
their transit through the small intestine, hydrolysis occurring only
in the colon., Their metabolisms are more or less comparable with that

of starch, but which a slower itial rate, due to the fact that CDS

/Which degrade only free end

o i R 1y 1ecc  active inside bhe
\QS:{:\EHhES are quite different, a-

clodextrin the fastest, It

N

ors et al., 1991; Duch®ne and

are totally resistanc
groups, but they
molecules. However,
cyclodextrin havin

seems that a-cycl y partially) degraded in

j..-
the ¢gastrointestinsa 6? [ J
m.nl

- and p-CDS are poorly
absorbed by the

Wouessidijewe, 19390 a; LT

The pral administration of CBSTddes not result in an acute

v X

Long- mno significant change in

toxicity.

consequence of the parenteral

admtmstratxﬁ uﬂ:q ﬂ ﬁ%“s w Elﬂeﬁnfj the intremesculsr

admxnxstratlc of g-CD resglts in ulceratxons a d its intravenous

Al AR R UBITNY FRE) reenert o

to its hlgh water solubility, §-CD is not so nephrotoxic and is less

organs or bxologlcél values.,

haemolytic than both «- and p-CDS.

3. Cyclodextrin inclusion compounds

CDS have the ability to form complexes with a8 dgreat

018775
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variety of molecules, especially for organic malecules hoth in the
solid state and in solution, particularly aqueocus. Maost of these
complexes are "inclusion compounds” which are so named because the CD
molecules act as "hosts" into whose cavities foreign "guest"” molecules

may fit. The minimum requirement for this inclusion complex formation

is that the guest molecul s+ entirely, or at least partially,

inta the CD cavity rophobic molecules rather than.

hydrophilic ones ha a in@ CD cavity in the solution.

olid complex suitable for
d of an apolar character
providing the follo €iof g Bt 1i, 1991):

- the s 1 } F consists of more than five

- the 501“;3§§%5£?ﬁ1§ spound in water is less than 10

mg/ml

iy

- the qfltxng point o he compound is below 250 C

(a higher ﬂ u EI ’a % E;% ilw g{]ﬂ?‘m‘ces between v‘the

molecules are boo strong)

AR AIRTURILDLUNA L. ..... cie

- the molecular weight aof the compound is between 100 and
400 Da (if the molecular weight is too small, the drug content of the
complex is +too low; if the molecular weight is tag large, the

molecules do not fit inside the CD cavity).
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The  structure of CD inclusion complexes differ
significantly in the crystalline state and in solution. In solution
the duest molecule occupies in the cavity, and the whole complex is
surrounded by a solvate shell of water molecules. In the crystalline

state, the guest molecules can be accommodated not only in the cavity

of the molecule, but also i ’ rmolecular cavities' formed by the

crystal lattice, or sa two complex molecules. Some

—

of the CD maolecul pied or they include water. This

arrangement may res ‘:«‘-w‘ﬁ wonstoichiometric inclusion
compounds,
4, Binding

The inclusion complex formation

cannot be a8 classical-“‘non g, The CD complexes formed

g

4,1 Va# er Waals gdnteractions between the guest and

'mmrmﬂuﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂiMmmwmm_

“*“‘zj“ﬁ“f“ié“iaﬁiﬂﬁiﬁ”ﬁﬁﬂmﬂm

4,3 Release of high enerdy water molecules in complex

should be 5t.abxl orces such as:

formation.
4,4 Release of strain energy in the macromolecular ring

of the CD.

Schematic 1illustration of +the complexation process are

presented in Fidure L
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0'143
®
.. “‘\'l‘
% (= 4 N
Figure L c‘_math.ﬁ Ilu ation of the complexation
2;‘;, .
. o F § € circles represent water
r’"f""ﬁ Ai.
0“_9_,‘-.‘;_, e
The Lo _g—CH—

g is hydrated, but 't.he
Y |
water moleculesmt me in an energetically

unfavourable posxt.lfn because of‘ e nonpolar surface of the cavity.

The pot.entﬂ ulg,‘}n%csj ﬂ§ w B(qﬂ ﬁ!‘epulses the water

molecules. he 'result of tfie complex formation isgthat the nonpolar

sioe 0k V] G Thodeblb bed VD LR Bt covins,

’oherehy establishing an energetically favourable nonpolar-nonpaolar
interactiaon,
5, Preparstion of solid cyclodextrin inclusion compounds

The method used for the preparation of CD inclusion

compounds depends on the properties of the guest molecules:
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5.1 In the case of a water-soluble active ingredient, the
guest product is added to a saturated aqueous solution aof CD, and
agitation for several hours or even days, until spontaneous
precipitation of the inclusion is achieved. Sometimes precipitation

does not occur spontanecusly, and it is necessary to cool the medium

spray-drying (Gandhi and Karara,
):ﬂ)and Nagai, 1975; Lin and Kao,

or evaporation by freeze-
19883 Helm et al., 1991

19893 Lin et al.,
highly water inscluble,

“\ ion.of the active ingredient,
\:\\:n aqueous solution of CD.

Precipitation is obtain ‘e erl;, taneously or by evaparation.

it is mnecessary

which is poured,

Two procedures ar 2\ Sud for the laboratory preparation

of cyclodextrin industrial scale, the

grinding (C’EIBhiW d

Yang, 19883 Nakai, l‘9!36) and knead ng process will be used.

ﬂ‘lJEJl’J‘VIEWﬁWEHﬂ‘i

.3 Details ofy the knead&g proceduraﬁ;ar‘e ¢+ adding the

act.wa wr}a@neimygg}mqg nH\’l a &hly to obtain

a paste, which is then dried. The product is washed with an grganic

-'iﬁ]et al,,1986; Lin,Kao and

solvent to remove the free active ingredient mixed with the inclusion
compound. This method, easy for industrial applications, is far from
being recommended for the obtention of a pure inclusion (Nozawa and

Yamamoto, 1989; Uekama et al.,1987).
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5.4 Heating in a sealed container is the new methad for
preparing inclusion compound but it 1is practically restricted to
sublimable guests such as menthol and benzoic acid (Nakai et.al., 1987,

19893 Yamamoto et 8l1.,1991),

6. Phase solubili

Organic dsy sﬂrugs, which are sparingly

soluble 1in water lisplay s ncreased aqueous solubility
in the presence i }:_ ue to the formation of water soluble
complex between ?: $ he 3 ed CO. The complexation
equilibrium lower vity of the dissolved drugf
Consequent ly, more activity of the free drug,
which is in chemic h the complex, becomes equal to

the thermodynamic - olid drug. Phase solubility

analysis 1is F.".' ship between the total

concentration of‘mdis o« he%ncent.ration of added CD.

This technique revetl both the stgichiometry of complex formation and

e sani1 4N &memm of the compler.
q mmmmmnmnﬁ 4 A

measur‘ed, and phase solubility analysis, as applied by Higuchi and
Connors (Higuchi and Connors, 1865), then enahles the formation
constant of the complex to be readily determined. Since CDS do not
absorb in the UV the total concentration of a drug in solution is

often determined by UV spectrophotometry.
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Several different phase diagrams may be obtaxned from
systems which form complexes. These are examined in scome detail hy
Higuchi and Connors, They have divided the systems into two major

classes: type A or type B diagrams.

The +type ' iagram, shown in Figure 5 s is

x formed is socluble and does

. - J - -
not form a precipitat 5 Qﬂt of lidand added. This

can be subdivided g, the ietailed nature of the phase

obtained for systems

positive deviation nearidt | 118 tained when the complexes
formed contain mor
increases., The 2a€ram, AN, exhibits a8 negative

deviation whic .nce on ligand added ab

“i.

higher ligand cﬂe eﬂvs the least frequently

encountered system,‘. and its occur‘rence may be explained on the basis

o AR E}%Wﬂ’m‘%m-
ARARIN TANNITHY VI cnrre

thaose systems in which the complex actually precipitates from the
solutions when the <concentration of 1ligand exceeds some critical
values., If the complex exhibits some solubility, the diagram shows an
initial rise in [S]; and the diagram is said to be a B- diagram, If
the complex 1is insignificanty soluble relative to the inherent

solubility of +the substrate, then the system gives rise to the Bx

diagram.
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Figure tion of the A-type phase

concentration of the
n the solution and [LtJ = the

added ligand)

Augineninens
QRIANN I ﬁﬂmé@

[Slt a
«k\‘a. \\\\\\\

(],

'Figure 6 Schematic representation of the B-type phase

diagrams.,
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f;. Method used for investigat%ng inclusion compounds
7;1 Detection of inclusion complexation in the solid state
7.1.1 Infrared spectra

l

bands of CD repres ' ma jor x- of the complex being hardly

“-ap may be proved in some cases

by < IR studies, but use. This is due to the
influenced by com 'i‘ but sg investigations showed the
changing of the che adening peak(Szejtli, 1988).

In deneral, haweve C vged, € ‘ omplex formation can be

obhserved.

- x‘i
0 e@:les do not produce

diffraction patterni, if however there are differences from that of

ﬂpugqn,qn&}gq S &) I} ooretcarad srotase.

In the case of non-volatilke liquid %EESt molecuyﬁj X-ray powder
diffraﬂiﬁ%alﬁﬂugm uNwlf]tg mq«aognt is a solid
suhsban:L, a comparison of the diffractograms of the assumed complex
with & mechanical mixture of the gduest and cyclodéxtrin (crystallised
under identical conditions as +the assumed complex) has to be made.
When the diffractograms are different, i.e. the characteristic peaks
of one or other of the components disappear, and new ones appear as a

result of the complexation experiment, complex formation is very
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probable. In the case of small guests the crystal structure may be

identical with that of the cyclodextrin hydrate (Szejtli., 1988),

7.1.3 Thermo-analytical methods

ical methods determine whether

the guest substance un ! .A-fhans‘e before the thermic
_: guest may be melting,

evaporation, deco ikzﬁbﬁ\\. polymorphic transition. This

degradation of CD

method consists (a) thermal snalytical
system (TAS), ( (TEA), (c) differential .
scanning calorim avimetry (TG), and (e)
differential therm .:1% ‘ as used to confirm in this

study.

515}9? chromatography (PC)
]
)

lh Scanning elettron microscopy

AUYITENTWEAS
ammﬁ'ﬁﬁi TR

7.2 Detection of inclusion;conplexation in solution
7.2.1 Spectroscopic methads

This method consists of Ultraviolet/Visible(UV

/V1S) spectrosccpy, Fluorescence spectroscopy, Circular dichroism (CD)
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spectroscopy, Electron spin resonance (ESR) and Nuclear magnetic
resonance (NMR) spectroscopy or *SC—NMR may be used in confirming

the inclusion complexes.

7.2,2 pH-potentiometric titration

niques

8. Cyclodextrin ”Egjiiﬁi
‘ul
Natur B *h'many different purposes,

;I 1]

Fdr example to 1ﬂfrove the law aqueous solubility of g-CD or to

decrease thﬂ&”«ﬁq WHﬂfgw Ha’]ﬂ‘j This characteristic

has been o a1ned by alk*ﬁabxon of the hydroxy groups (methyl-,

e QR AT B o

of prxmary hydroxyl <roups by saccharides (glycosyl- and maltosyl-

cyclodextrins), or by polymerization of cyclodextrins.
8.1 Methylated cyclodextrins

Some aof the physiccchemigal properties of methyl CDS
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are reported in Table 2 ,which shows the increased water solubility
of methyl CDS. In the case of g-CD, the dimethyléted derivative is
more soluble than the brimethylabed' one. By comparison with the
original CDS, the surface tension decreases for all derivatives, and

their stabilities in acidic conditions (half-life of ring opening,

1.0 N HC1 at 50°C) increa imethyl derivatives and decreases

for trimethylated one

» not enly highly soluble in water, but .
they are alsg i C Ssh:::::\

g-CD has a8 very a ‘ A 05 €/100 ml, although its

For example, in ethanol,

dimethyl derivativeg i .ﬁiff 11e(0.74 g/100 ml). However,
their solubility dec < With an i 3258 in temperature(Duch®ne and

Wouessidjewe, 19390h).

o Y
resistance +to t!ﬂ bac

awe gastrointestinal tract
il

and are eltmxnatei- with faeces They exhibit higher haemolytic

oo off ummmwmmm

Szatmari and argay, 1988).

ammnim URIINYAY



27

Tahle 2 Physicochemical properties of cyclodextrins and
their methylated derivatives.
' Solubility | sAeCL-; b .L?j[
i iy ter - -face |  Half-Life | -
Number Molecular | Cavily in Water Water urface |  Half-Life |
of Glucose’ Weight | Diameter ‘at25°C - Content | Tension | N Hgl
Molecule Units (D) (A) (%) (mN/m) - (h) |
107 n: L Y R
Dimethyl a-CD 6 - 1141 I = 281
Trimethyl a-CD 6 1225 . v X = . -5.'4 :

" |s-cD _ 9 13 ; NRLES 345
Dimethyl B-CD 7 1331 L 5 22l
Trimethyl B-CD 7 1428 g - gl ue 3()
y¥-CD 8 T 1297 16 - 60 . =7‘_4'6
Dimethyl y-CD 8 - 1 i ol o
Trimethyl y-CD 8- 1633 oAty

8.2 Hydrec

yalkylated ydextrins
.‘?Jﬂ" A Y

= Fxamni

¥
a

and hydmxyethylﬂ»c g

,,': e 2-hydroxypropyl-g-CD

hﬁ}her aqueous sclubilities
than natural CDS (> ¢50% ).

As in

hydrolysed ﬂuhﬂq mIQJM§W E.J"lﬂ‘jfxlsc the haemolytic

case of methyl-CDS, they are not

activities of hydroxyalkylaﬂ%d CDS aresfless than tha8t of natural CDS.

mee Shal LV LEL SR A VR Bl e e

parenteral preparations.

8.3 Branched cyclodextrins

Various branched CDS have been described, such as

glucasyl, maltosyl

and glucopyranosyl a- and p-CDS, and diglucosyl,
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dimaltosyl and dipyranosyl-g-CDS. All are more water-soluble than §-
CD. The complexation abilities of branched CDS and their parent CDS
.appeared to be almost the same. However, the enhancement of
solpbility of poorly water-soluble drugs by branched CDS is much more

marked than by their parent CDS.

t #/ vatives

.—J

y \\\\\\\ af‘ CDS reduces their water

solubility in proporidor stxtut.mn. They are used

in sustain release pgep ﬁ\\ al.,lQBB).
- UBrQoxgm . GD t.hey are characterized by

mdﬂ
a pH-dependent soluBilfty . ‘4 belpw: | 2.5, solubility is almost

constant (1 to 1.5 g/100 m f incereased sharply asbove pH 4 (10

8.4 Other

g/100 ml) and, at pH > 6 fucts is freely soluble., The product

e
%!

is proposed for prfeferential drug release inithe intestinal fluid with
]

, 3
a very slight reléase
= Cyclcdextr‘m pnlymex‘s :+ they are substances

contammg ﬂ lweEsijnﬂ ﬂmw ﬂ:ﬂﬂrﬁjh molecular weight

derivatived f‘ CDS may he water- soluble and moderately swelling or
1nsolQeW’1 aﬁlﬂﬁwmmmr}rm‘}*v.l(&l@anﬂcular wmgh’os
can be sed as tablet excipients because they have gooad disintegrating
properties (Fenyvesi,: Shirakura et al.,1984; Fenyvesi, Takayama et al.,

1984).

Table 3 and illustrate which CDS are recommended for
certain drug formulation purposes and some CD-containing drugs that

are marketed already, respectively (Szejtli, 13991),.
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Table 35 Choice of cyclodextrins far drug formulation.

Most Recommended

Cyclodextrin Formulation Remarks
a Parenteral {limiled lo E.g.. in intraarterial infusion of PGE,-a-cyclodexlrin. Use is restricted to small
intraarlerial infusion) molecules or molecules containing slim side chains.

18 Oral (tablets) E.g.. in piroxicam-p-cyclodextrin o improve bioavailability and in garlic oil-g-
cyclodextrin lo improve stability. The useful properties and low cost of B-
cyclodexirin mean that it will be used exlensnvely in solzd dosage oral
1ormulahons

Y Parenteral ases, parenteral formulations can be made using modmed cyclodexlnn

Methylated cyclodextrins
(e.g.. DIMEB)

Hydroxypropy!
B-cyclodextrin (HPBCD)

Hydroxyethylated,
B-cyclodextrin (HEBCD)

Branched cyclodextrins

Parenteral (limited to drophobic cyclodextrins and are the best solubilizers, but
doses or highly di rongest haemolytic aclivity. Recommended for drugs thal
infusions); oral (i 2 ighly hyd:ophob o extremely sensitive o humodny

release); topic " ‘-h.mb
Parenteral i i rmulations. Approval and markeling is expecled
Parenteral _ 8 USeC . cad. J D but displays no specific advantage over the

Oral \wo glucose. ) are enzymatically attached to the cyclodextrin
ing-{o forn “cycl trins. Very helerogeneous, amorphous, and

Ethyi- and ethyl-carboxy-  Oral ese yclodexmns are poorly soluble, and so suslained .
methyl-cyclodextrins . Nothing is yet known about their toxicology.
Dihydroxypropy! Oral: topical BCD., but nothing is known about their loxicily. The
cyclodextrins rins slow down diffusion of the drug. In many cases,
and soluble neutral and Detter solubohzers than HPBCD
ionic cyclodextrin
polymers
Table lodextrin drug
¢ o o/
ﬂ u EJ Company/
m mple ame ormulation Indication Country
PGE,-  Rfostavasin Intragsterial  Vasodilator @no. Japan;
AR1aN 3 E.4lY] LANELVAEL.
B-CD tablet labour
Piroxicam— Brexm Tablet and  Analgesic, Chiesi, Italy;
B-CD Cicladol suppository anti-inflam- Master-
matory pharma,
ltaly
Garlic oil- Xund Dragees Antiathero- Bipharm,
B-CD Allidex sclerotic FRG;
Fov.Gyogy-
szert. K.,
Hungary
Benexate- Ulgut Capsule Antiulcerant Teikoku,
B-CD  Lonmiel Japan;
Shionogi,
Japan
lodine-  Mena- Gargling Throat Kyushin,
B-CD Gargle disinfectant Japan
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9. The application of CDS and their derivatives inclusion
complexes concerning the enhancement of drug dissolution

and bioavailability

Physicochemical properties of the guest molecule may bhe

changed by CD inclusion comg However, the greatest interest

in CDS arises from theil fy the solubility of the drug.

Substances which ar sparingly in water can be made more

soluble .and the r/
cos. This .

enhanced bioavail

wenhanced by the addition aof

p aceutical availabhility and
: tratxon. Seve.ral papers

have been publis \ tenstve application of CD

complexation to ys dissolution rate and
biocavailability of drugs (Celebi and Erden, 1992;
Gandhi and Karara, Hof‘man ‘and Maincent, 1990;
Marques, Hadgra m' al.,1988; Nakai, 1986
Otero-Espinar et... ' SBE Tasi¢, Jovanovié and
Djuvic,1991; Wexszﬁe er, St.adle -Szdke and Szejtli, 1988; etc.).

Since manyﬂuﬂ‘q wﬁm‘jw g’qﬂ‘id to improve the

solubility of‘ g-CD: eg. methylated CDS,shydroxyalkyl@ted CD etc., Many
reseaaﬁqﬁﬂ ftl'xj mu mlgdnﬂf] a Ebllllt,y of the
demvatwes the complex-forming capacity could be increased in
comparison with the starting compound, too (El1-Gendy et al., 1986}
Green, Muller and Guillory, 1991; Helm et al., 1991; Loftsson et alj

19913 Uekama et al., 1985 etc.).
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10. The application of CDS as filler-binder in dosage

formulation

Shangraw et al. characterized the tableting properties of
8 number of commercially available p-CD and found that compactibility

was excellent but varied by s Inclusion complexes spontanecusly

formed during wet gr . Furthermore, the presence

—

of B-CD in s fo? 1 issolution of drugs of low
.water solubility ewv g ' in the form of an inclusion

compound. Thus, ablet and capsule filler

\\Qx ande and Gala,1990).

(Manna,Giocrdano and

g-CD compression vehicle either
singly or in blends Ay s ‘ actose for preparing tablets

containing either diazepam, prednisolaone or

spironolactone, i dt was found that __u;i combinations produced
‘-A

tablets having veﬁ g0 ms and higher dissoclution

rates., Moreover, li.he opt imum f‘ormulatwn was found toc vary from one

wor o o SHFPRRIBTWRIATYG e seter ot o

inclusion com?lex with g-CD (glshabouryﬁggm.

ARIANN TN 1R1INYA Y

Indomethamn (Borka, 1874; Brien, McCauley, Cohen, 1884)

The molecular structure of Indomethacin is shown below,

c Cl
|
N CH,4
c/@:lcm.cooﬂ
CHj-



The empirical structure is CtBH‘ECINO‘ with molecular
weight 357.81. IDM is pale yellow to yellow-tan, crystalline powder
that is odorless or almost odorless with a faintly astringent taste,

It can exist as several crystalline forms. The various polymorphs

and the corresponding melting point are tabulated in Table 5

Table e 101 methacin polymorphs.

Melting point(°C)

160-161.5

160

158

154.,5-155.5

154

152

AN THENINIAY

Type B ;158-160.5

Amorphous 67
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Form | 1is the highest melting and lawest sclubility polymor-ph
and is, therefore,  the thermodynamically stable crystalline
modification of indomethacin. However, from a practical view, both

Form I and Il are equally biologically availahle and active.

The following solubili ta have been reported in Table 6 -

lndomethacx i -rﬁi—inf‘lammator‘y agent (NSAID)

with anblpyretx/ @51 ) ies, It has been wused

effectively in with moderate to severe
rheumatoid arthriti - ing SRk Ay is. osteocarthritis, acute
painful shoulder ~anc ndinitis) and acute douty

arthritis., The reco Wi ily doSe was 50 to 200 ng.

for at least irs _at _room temperal 'e. Exposure to strong
direct sunlight ﬁe color of indomethacing
however, deg‘radatx%n is sllght.. he degradation of indomethacin

occurs pmﬂgﬁuvg\ q%g%ﬁw Ein’]‘ﬂ@ In both acid and

basic solutions, 1nd0methacurundergoes&cxdxc and a&alme hydrolysis

o r R BIATI N TSI B e

Stabilization method ¢ Besides wusing for solubilization,
nonaqueous solvents were used to stabhilize IDM solutions. Amber-
colored containers and antioxidants have been used to decrease the
photolytic degradation of [10M. Furthermore, use of TiOz in the
gelatin films of IDM capsules reduces photodegradation of solid

indomethacin (Connors, Amidon and Stella, 1986).



34

Tahble 6 Solubility data of IDM from various salvents.

Solvent Temperature Solubility

o

« C)

Water 0.40 mg/100 m1~

0.52 mg/100 ml1”

0.88 mg/100 m1°

Practically Inscluble

Phosphate Buff | =5 25 3 mg/100 m1"
' 5 mg/100 ml”
Phosphate Buffen 2 | 2 11 mg/100 mi"
1§;_ i 16 mg/100 m1”
Phosphate Buffer p @E 54 mg/100 m1®
ﬁ’;’-’-ﬁ 80 mg/100 m1”

Chloroform ]ﬂ ﬂﬂ 1 in 30
Ether ¢a as RT 1 in 45
wectenot| U JVNE NI BWE D e
Benzene Y 250 4 mglg
ABANIYUNINYINE
sec-butanol 25 27 mg/gm
Note : a = Farm I
b = Form 1]
C = Form 111
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Alkaline hydrochysis of indomethacin was stabilized by usiﬁg
cosolvent, especially PEG 400, +that could reduce +the dielectric
constant of the mixture or by adding nonionic or ionic surfactants
which incorporate the indomethacin intoe micelles. The oarder af

surfactants in 1increase in the stahility of indomethacin was :

ulfate > benzalkonium chloride >

.

eraction of indomethacin

polysorbate 80 > sodium

cetrimonium bromide (S

v i
Hamada et T vy

with o- and p-C ized aqueots solutions,

whereas «a-CD tend fect (Hamada, Nambu and

Nagai, 1975). at IDM can be stabilized

with hydroxyethyl-g igated were not physically

stable during the 6 months, due to microhbial

contamination 385) ., Moreover, the g—-CD

derivatives inh ‘ﬂwtﬂ""-—-“—'" it phosphate buffer pH 7.4

‘mare effectively ﬁﬂ}n

= AN RSN ATt 10 mterec o

- and p CD with sevefal non- stenpidal antiimfilammatory drugs,

ﬁl NI RIRNTA AR NI {5 1M V2 A—

with s- CD, while not with ¢glucose (Hamada, Nambu and Nagai,13875).

enﬁeld et al.,1990).

Kurozumi et al. reported that the freeze-drying method was successful
in obtaining the inclusion compound of all the tested, NSAIDS
including IDM with s-CD. Some of the drugs also formed inclusion
complex with «-CD. The freeze-drying method gave a good yield of

inclusion compounds comparabhle +to the usual coprecipitation method

11 ashad 1N
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(Kurozumi et al.,1875). Myles et al. found that IDM forms inclusion
complexes with a«-, p- and §-CD by using phase solubility and NMR. The
stability constants for the ccﬁplexes are found to vary in the rank
order B¥ > «- >> §-CD. An inspection of the computer graphics space

filling models for the CD complexes shows that the CD cavities are

almost completely filled by in the a- and - complexes, but

only partially occupie (Myles et a1.,1990).

propyl-g-CD can S i1 Fferent methods i kneading,

al. reported that ' KfEhe end duct.s depend on the methad
of preparation. ' v -7;f 1d not lead to a8 real inclusion
while the neutraliza mevho i d. " In any case, the complexes
obtain may be of great value as ar d dissolving forms of IDM in water.
. IDM is_dissolved.fpom
the kneaded complﬂ. 3 %mrom the physical mixture
(Lin et al.,1991).

ﬂ‘lJEJ’WIEJﬂﬁWEJ’m‘i

Inclu ion complexes gof drug ‘ﬁgcetamlnoph‘gb indomethacin,
piroxamwgtaiﬂ T;}tﬁ m umr’;]i’}mgq a’*&ldrying method,
It wasqfound that the spray-drying technique could he used to prepare
the ' amorphous state of drug inclusion complexes, The enhanced
dissolution rate of spray-dried products might be attributed to the
‘decreased particle size, the high-energetic amorphous state and

inclusion complex formation (Lin and Kao, 1989).
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Uekama et.al.studied on complex formations of IDM with three
water-soluble CD-EP polymers (a-CD.EP,p-CD.EP and §-CD.EP) in aqueaous
solution and in solid phase. Through the binding to CD.EP polymer,
the solubility and dissolution rate dissolution rate of IDM increased

significantly in the order of «-CD.EP > g-CD.EP > §-CD.EP, compared to

those of parent CDS. H y dissolving form of IDM-a-CD,EP

complex was found rum levels of drug after oral

—J

r@e CD.EP polymers, «-CD.EP

improving the oral

administration to h
seemed to be
bioavailability o

.Szemén et 0ilizing capacity of some
highly water solub several drugs and IDM. They
found that the ecially DIMEB was the potent
solubilizers fqr molecules., Furthormore, the
crystalline me} pic, therefore these

derivatives are Eﬂf ad

can preferably be ip ied for sol aoral dosage forms (Szeman et al.,

ﬂumwmwmm
aammnﬁzu UALINYIAL, e o

partxcle size of powders. It has been found that grinding not only

mql&ture sensitive drugs and

causes changes in the molecular behavior (such as phase transition of
polymorphs, crystallinity and chemical reaction rate in solid state)
of the ground drugs by the addition of additives but also improves
the molecular interaction between drugs and additives in the ground

mixtures, Lin et al., studies grinding effect on some physicochemical
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bropertiés of drugs (acetaminophen, warfarin, indomethacin, diazepam
and hydrocortisone acetate) by adding pg-CD. It was found the
crystallinities of drugs decreased with increasing grinding time and
became amorphous or nearly amarphoqs. The result indicates that only
acetaminophen formed an inclusion complex, although all five drugs

interacted with p-CD in

This dissolution rate of drugs form

the ground mixtures was. c er than that of ground drug,
crystalline drug r pHYS ica. @ue ta the decrease in

crystallinity. Fur CD| has - tant-like property whxch

can reduce the inter ater-insaluble drug and

a dissaolution medi dissolution rate (Lin and

Kao, 19883 Nozawa and

FI‘IJEI’JVIEWlﬁWEI’m‘i
ammnimumawmaﬂ
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