
CHAPTER I

IN T R O D U C TIO N

Dissolution is an important characteristic in pharmaceutical solid 

dosage forms fo r dissolution is a primary step which solid substance 

dissolves into solution. D issolution may indicate the potential availability 

o f  drug substances fo r absorption. The poor dissolution characteristic o f 

re latively insoluble drugs has long been a problem to pharmaceutical 

industries. During 1 9 8 9 -1 9 9 0  M edical Sciences Department, Thailand, 

reported that about 5 6  % o f indomethacin and 2 4  % o f piroxicam  solid 

dosage forms manufactured by local manufacturers failed to meet the 

requirement o f  dissolution test. (Department o f M edical Sciences, annual 

report 1 9 8 9  and 1 9 9 0 )  USP X X II  requires that the dissolution o f 

indomethacin must not less than 8 0  % (Q) dissolved in 2 0  minutes, and that 

o f  p iroxicam  must not less than 75  % (Q) dissolved in 4 5  minutes. This 

รณdy aims to find  the technique to solve the poor dissolution problem o f 

indomethacin and piroxicam  solid dosage forms by using p-cyclodextrin as 

an excipient. P-Cyclodextrin was used in drug formulations as either one 

o f  the fo llow ings: complexing agent, auxiliary additive, carrier, solubilizer 

and tabletting ingredient. M any techniques that are eutectic m ixture, solid 

dispersions have been investigated in order to increase dissolution rate o f 

the preparations. Some o f these methods proved to be o f lim ited use. 

Drugs that are unstable at or near their melting points and those that do not 

recrystallize from  the melt are unable to use such methods. The solid 

dispersion techrใique has some processing problems such as the solid
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dispersion powders tend to be wax like substances. Besides some o f these 

techniques use an organic solvent or high temperature in the preparation. 

The volume o f organic solvent used may be excessive and cause damaging 

to the environment. The degradation o f  the thermolabile drug substances 

may occur during the process. In addition the organic solvent may be 

deposit as residual solvent in the products. Tablets prepared by solid 

dispersion technique have superior dissolution, nevertheless when aging 

the dissolution m ight decrease. Therefore the purpose o f  this study is to 

find the appropriate method to increase the dissolution o f  indomethacin 

and piroxicam  solid dosage form ร by using p-cyclodextrin as an additive. 

The wet kneaded method between drugs and P-cyclodextrin was chosen 

according to its sim plic ity and easily adopted by local manufacturers. 

Factors affected the method such as the amount o f solvent used, kneading 

time and temperature were thoroughly studied. Ill this study, P- 

cyclodextrin was chosen as an excipient because P-cyclodextrin had raised 

an interest in pharmaceutical technology, remarkably fo r its ab ility  to form 

inclusion complex. In addition p-cyclodextrin is more readily available 

than other cyclodextrins because o f its unique size, easy to be 

com mercially obtained, non toxic and physiologically accepted. Wet 

kneading o f  drug and p-cyclodextrin could affect drug solubility 

concerning the inclusion complex formation or change in particle size o f 

drug. Besides kneading process provides the system w ith  good m ixing o f 

the system and makes drug surface becomes hydrophilic.



The objectives o f this w ork were as fo llows

1. To study the effect o f wet kneading o f drugs w ith  P-cyclodextrin 

on the aqueous solubility o f indomethacin and piroxicam

2. To observe the dissolution o f indomethacin capsules and 

piroxicam tablets when using the wet kneading process.

3. To compare the effects o f  P-cyclodextrin and sodium lauryl 

sulfate on enhancing the dissolution o f indomethacin tablets and piroxicam 

capsules in the wet kneading method.

L ite ra tu re  Reviews

Methods used for enhancing the drug dissolution are based on the 

Noyes and W hitney equation

dç =  k DS (C s-Ct) 
dt vh

where dc/dt 

k 

อ  

ร  

h

V

Cs

Ct

= the dissolution rate 

=  dissolution rate constant 

=  the diffusion coefficient 

=  surface area

=  thickness o f  the diffusion film  

=  volume o f the dissolution medium 

= the solubility o f  the solute 

= the concentration o f the solute.

M ost methods recommended fo r im proving the dissolution 

depend either on enhancing die solubility o f drugs or increasing their 

effective surface area. (Hamed, 1989; Khan, 1981)
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1. Increasing the Effective Surface Area o f the Drug.

The reduction in particle size o f poorly water soluble drug is the 

most popular practice fo r increasing the dissolution. The reduction can be 

achieved through a variety o f m icromzation processes such as grinding, 

ball m illing  and air attrition. A n  incorporation o f surface active agent is 

another approach to increase the effective surface area o f  drug. Surface 

active agents can enhance the wetting due to lowering interfacial tension 

between the solid surface o f drug particles and solvent. Small amount o f 

surface active agents can increase the wetting and penetration properties o f 

the dissolution medium. A  concentration o f surface active agents 

employed usually below critical m icelle concentration that is insufficient to 

cause any increase in solubility but can increase the drug surface area 

exposed to the medium. Horn and M iske l (1970) demonstrated that the 

dissolution rates o f capsules o f many insoluble drugs could be remarkably 

enhanced when formulating w ith  nonionic surfactants. Newton, Rowley 

and Tomblom (1971) used 1 % พ /พ  o f sodium lauryl sulfate to increase the 

dissolution rate o f hydrophobic drug, ethinamate capsules. N a jib  and 

Suleiman (1985) reported that the aqueous solubility o f  indomethacin can 

be increased by the use o f surface active agents, sodium lauryl sulfate and 

polysorbate 80.

2. A lteration o f the pH o f the Surrounding M edium

Dissolution o f the weak acid is inversely proportional to the 

hydrogen ion concentration. Javaid and Cadwallader (1972) showed that 

increasing the pH o f the microenvironment o f the drug by incorporating 

buffering agents in the form ulation improved the dissolution rate o f  aspirin.
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3. Solute-Solvent Complexation Reactions

M olecular complexation between solutes and solvents can affect 

the dissolution. Higuchi, Dayal and Pitman (1972) studied the dissolution 

o f 2-naphthol tablets in cyclohexane (an inert solvent) containing various 

amounts o f additives such as 1-propanol and 1-undecanol. These additives 

are known to react rapidly and reversibly w ith  the dissolved molecules o f 

2-naphthol to y ie ld soluble complexes. These m ajor complexation 

mechamsms in this system are hydrogen bonding. A  solute and a solvent 

that form  a hydrate or a solvate lead to increase solubility.

4. Eutectic M ixture and Solid Solution Techniques

The use o f binary system could improve so lub ility  and dissolution 

o f sparingly soluble drugs. This binary system consists o f a water soluble 

compound acting as a carrier or host and drug acting as guest molecule. 

There are tw o mechamsms fo r enhancement the so lub ility  and dissolution. 

The firs t one is related to particle size reduction in the eutectic-m ixture 

formed by the poorly soluble drug and rapid ly soluble carrier. The second 

one is the solubilization effect o f the carrier. The systems involve 

randomized placement o f drug molecule interspersed in the carrier either 

interstitial or by molecular replacement in the crystal lattice. W hen the 

eutectic mixtures exposed to the dissolution medium, the carriers dissolved 

rapidly leaving the insoluble drug in a state o f m icrocrystalline dispersion 

consisting o f extremely fine particles. Goldberg, G ibaldi and Kanig (1966) 

reported that the solubility and dissolution rate o f griseofu lvin were 

considerably improved by form ing the eutectic m ixture w ith  succinic acid.



6

5 . D ispersion Technique

Solid dispersion was defined as one or more active ingredients in 

an inert carrier. Drug molecules are distributed throughout a solid matrix 

by fusion or by solvent method. The selection o f  the carrier has an 

ultimate influence on dissolution characteristic o f dispersed drug. Chiou 

and Riegelman ( 1 9 6 9 )  recommended polyethylene glycol, a non toxic water 

soluble polymer, as an excellent universal carrier fo r im proving dissolution 

rate o f water insoluble drugs. Ford and Rubinstein ( 1 9 7 8 )  and Corigan, et 

al. ( 1 9 8 5 )  ร ณ died the solid dispersion o f indomethacin-polyethylene glycol 

6 0 0 0  and indom ethacin-polyvinylpyrrolidone respectively. They reported 

that dissolution illustrated the higher energy o f indomethacin in these 

systems. Spray drying o f indomethacin w ith  up to 20 % po lyv iny l­

pyrrolidone gave amorphous solid.

6. M ice lle  Solubilization

Surface active agents are known to increase the so lub ility  o f 

drugs after reaching critical m icelle concentration. A  fa ir ly  large amount 

o f surface active agents may need to be incorporated to increase solubility 

resulting from  micelle solubilization leading to pharmacological toxicity. 

Therefore the use o f m icelle solubilization technique fo r im proving the 

solubility o f drugs was lim ited. The surfactant used should be proved to 

be almost pharmacological inert.

7. The Use o f Metastable Polymorphs

Haleblian and McCrone ( 1 9 6 9 )  reported the use o f specific 

polymorphic form  possessing the highest solubility as one o f the technique 

that could be applied to increase the dissolution. Metastable polym orphic
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crystalline forms can exert a great influence on the solubility. The new 

polymorphic forms can be synthesized through various recrystallization 

procedures from  different organic solvents. Vrecer, Srcic and Smid-Kobar 

(1990) studied piroxicam polymorphisms by crystallization from  a number 

o f solvents and through melt cooling method.

8. Selective Adsorption on Insoluble Carriers

Wurster and Polli (1961) demonstrated that the use o f suitable 

amount o f an adsorbent could enhance the dissolution rate by maintaining 

the concentration gradient effect at its maximum. Monkhouse and Lach 

(1972) reported on the successful application o f the surface adsorption 

technique fo r improving the dissolution o f several poorly soluble drugs 

using various forms o f silica. M cG in ity  and Harris (1980) demonstrated the 

marked improvement in dissolution rate o f indomethacin incorporating 

w ith  colliodal magnesium aluminium silicate. The rapid release o f drug 

from  surface o f clay was due to the weak physical bonding between the 

two materials.

9. Complexation w ith  Cyclodextrins

Cyclodextrins can form  an inclusion complex w ith  smaller 

molecules. They are able to uptake various guest molecules into their 

central cavity. The size o f guest molecules is a decisive criterion fo r the 

formation o f stable inclusion complexes because guest molecules have to 

f i t  at least partly into the cavity o f the cyclodextrins. The inclusion 

complex alters a variety o f physicochemical properties o f  the drug 

molecules such as solubility, dissolution and stability. Drugs that are least
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soluble in water often show the greatest proportional increase solubility in 

the presence o f  a given concentration o f cyclodextrin.

Factors A ffe c tin g  D issolution and B io a v a ila b ility  o f Solid 

Dosage Form s.

There are several factors other than those related to 

physicochemical characteristics o f  active ingredients that may affect the 

dissolution and bioavailab ility  o f  solid dosage forms. These factors 

generally are: Formulation factors, Processing factors and Storage factors

1 Formulation factors

Dissolution o f  pure drugs can be altered significantly when 

m ixing w ith  various adjuvants during manufacturing the dosage forms. 

These adjuvants include diluents, binders, disintegrants, granulating agents 

and lubricants. Diluents are found to potentiate dissolution o f  sparingly 

soluble drugs. M arlowe and Shangraw ( 1 9 6 7 )  reported that the use o f 

starch as a diluent was shown to produce sodium salicylate tablets w ith  a 

much faster dissolution rate than when using lactose. Cyclodextrins are 

particularly useful adjuvants to form  drug-adjuvants complexes to improve 

drug solubility. This w ill be an essential phenomenon in increasing 

therapeutic efficacy o f drugs in application to manufacturing. Usually 

excipients used in solid dosage forms are inert but this is not the case o f 

cyclodextrins, ow ing to their intrinsic reactivity characteristics. Lubricants 

usually form  a water repellant coat around the granules. The retarding 

effect o f  this water repellant film  was shown to be the most important 

factor in influencing the rate o f  dissolution o f  solid dosage forms.
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2 Processing factors

M any processing methods used in the manufacture, including the 

wet granulation, greatly influenced dissolution rate o f  the active 

ingredients. Wet granulation was considered a superior method than dry 

granulation and double compression (M arlowe and Shangraw 1 9 6 7 ) . The 

compression force utilized in the tabletting process had quite an effect on 

the dissolution o f  the final products. The high compression force might 

inh ib it w ettab ility  o f  the tablets due to the formation o f  a firm er or more 

effective sealing layer under high pressure.

3 Storage factors

The extent o f  the effects o f  storage on tablet dissolution rate was 

found to be largely formulation dependent. One o f the prime factors found 

to influence the change in dissolution behavior o f  tablets on storage is the 

moisture content o f  the granules and the sensitivity to moisture o f 

excipients utilized.

Indom ethac in  (Mathew, James and Edward, 1 9 8 4 )

The molecular structure o f  indomethacin is shown below. The 

empirical structure is C 19H 16C I N O 4 w ith  molecular weight o f 3 5 7 .8 1



K)

Indomethacin is an odorless, white to yellow ish crystalline 

powder. It is known to exist polymorphism. It is a weak acid w ith the pka 

value o f  4.5. Indomethacin has proved to have anti-inflammatory and pain 

relieving effect in gout and rheumatoid arthritis. It is stable in neutral and 

slightly acid, but decomposed by strong alkali. Indomethacin undergoes 

hydrolysis under alkaline condition to p-chlorobenzoic acid and 2-methyl- 

5-methoxy-indole-3-acetic acid. Strong sunlight induces an increase in 

color o f  indomethacin. Ionic or non ionic surfactants increase the stability 

o f indomethacin (Krasowska 1978). Pathway o f indomethacin hydrolysis 

was shown below. (Hajratwala and Dawson 1977; C ipician i, et al. 1983) 

Solubility o f  indomethacin was summarized in Table 1.

Cl

Table 1 Solub ility o f  Indomethacin in Various Solvents. 

(Matthew, et al. 1984)

Solvent Temp(°c) Solubility

Water 25 0.40 m g /100 m la

Water 25 0.52 m g /100 m lb

Water 25 0.88 m g /100 m lc

Water R T Practically Insoluble

Phosphate Buffer pH 5.6 25 3 m g/100 m la

Phosphate Buffer pH 5.6 25 5 m g /100 m lb



T a b l e  l ( c o n t . )  S o l u b i l i t y  o f  I n d o m e t h a c i n  in  V a r i o u s  S o l v e n t s .  

( M a t t h e w ,  e t  a l .  1 9 8 4 )

S o l v e n t T e m p ( ° c ) S o l u b i l i t y

P h o s p h a t e  B u f f e r  p H  6 .2 25 11 m g / 100 m l a

P h o s p h a t e  B u f f e r  p H  6 .2 25 16 m g / 100 m l b

P h o s p h a t e  B u f f e r  p H  7 0 25 5 4  m g / 100 m l a

P h o s p h a t e  B u f f e r  p H  7 0 25 8 0  m g / 10 0  m l b

E t h y l  a l c o h o l  (9 5  % ) R T 1 in  5 0

C h l o r o f o r m R T 1 in  3 0

E t h e r R T 1 in  45

M e t h a n o l 25 3 2  m g / g m

B e n z e n e 25 4  m g / g m

n - b u t a n o l 25 19 m g / g m

s e c - b u t a n o l 25 2 7  m g / g m

aF o n n  1, bF o n n  I I ,  cF o m i  I I I

P o l y m o r p h i c  F o r m s  o f  I n d o m e t h a c i n .

I n d o m e t h a c i n  m a y  e x i s t  in  a t  l e a s t  f o u r  p o l y m o r p h i c  

m o d i f i c a t i o n s  ( M a t t h e w ,  e t  a l .  1 9 84 , B o r k a  1 9 7 4 ). M e l t i n g  p o i n t s  o f  

i n d o m e t h a c i n  p o l y m o r p h i c  f o r m s  w e r e  s h o w n  in  t h e  T a b l e  2

P i r o x i c a m

T h e  m o l e c u l a r  s t r u c t u r e  o f  p i r o x i c a m  i s  s h o w n  b e l o w .  T h e  

e m p i r i c a l  s t r u c t u r e  i s  C i s H n N E C ^ S  w i t h  m o l e c u l a r  w e i g h t  o f  3 3 1 .3 5 .
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T a b l e  2 M e l t i n g  P o i n t s  o f  I n d o m e t h a c i n  P o l y m o r p h s

F o r m M e l t i n g  P o i n t  ( ° c )

F o r m  I ( t y p e  y ) 1 6 0 -1 6 1 .5

160

158

F o r m  II ( t y p e  a ) 1 5 4 .5 -1 5 5 .5

154

152

F o r m  I I I 148

F o r m  I V 134

T y p e  p 1 5 8 -1 6 0 .5

P i r o x i c a m  i s  o n e  o f  t i l e  m o s t  p o t e n t  n o n s t e r o i d  a n t i - i n f l a m m a t o r y  

a g e n t s .  P i r o x i c a m  i s  a n  o d o r l e s s ,  c o l o r l e s s  c r y s t a l l i n e  p o w d e r ,  p o o r l y  

s o l u b l e  in  w a t e r ,  d i l u t e  a c i d  a n d  m o s t  o r g a n i c  s o l v e n t s .  S l i g h t l y  s o l u b l e  in  

a l c o h o l s  a n d  in  a q u e o u s  a l k a l i n e  s o l u t i o n s .  p K a a r e  5.1 a n d  1.8 . T h e  

m o n o h y d r a t e  f o r m  o f  p i r o x i c a m  i s  s l i g h t l y  y e l l o w .  T h e  c h a n g e  in  c o l o r  

d u e  t o  t a u t o m e r i z a t i o n .

T a u t o m e r i s m  o f  P i r o x i c a m  ( F i n i ,  e t  a l .  1 9 9 2 )
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S o l u b i l i t y  o f  P i r o x i c a m  in  V a r i o u s  S o l v e n t s  ( M l a d e n ,  e t  a l .  1 9 8 6 )

1 g / 10 m l  D i m e t h y l f o r m a m i d e

1 g /1 0  m l  D i m e t h y l s u l f o x i d e

1 g /2 0  m l  C h l o r o f o r m

1 g /5 0  m l  A c e t o n e

N o t  S o l u b l e  in  w a t e r  a n d  c y c l o h e x a n e

P o l y m o r p h i c  F o r m s  o f  P i r o x i c a m

P i r o x i c a m  e x i s t s  i n  f o u r  p o l y m o r p h i c  f o r m s  a n d  o n e  

p s e u d o p o l y m o r p h i c  m o d i f i c a t i o n .  ( V r e c e r ,  e t  a l .  1 9 9 1 ) . M e l t i n g  p o i n t s  o f  

p i r o x i c a m  w e r e  s h o w n  in  T a b l e  4

T a b l e  3 S o l u b i l i t y  o f  P i r o x i c a m  i n  V a r i o u s  B u f f e r  S o l u t i o n s  

( H e r z f e l d t  a n d  K u m m e l  1 9 8 3 )

p H m g  %

2 .0 2 .3

3 .0 1.6

4 .0 1.9

5 .0 2 .4

6 .0 7 .6

7 .0 5 7

7 .5 103
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T a b l e  4  M e l t i n g  p o i n t s  o f  P i r o x i c a m  P o l y m o r p h s

F o r m m e l t i n g  p o i n t  ( ° c )

F o r m  1 2 0 1 .6

F o r m  2 19 5 .5

F o r m  3 1 7 8 .4

F o r m  4 164.1

C y c l o d e x t r i n s  ( D u c h e n e  a n d  W o u e s s i d j e w e  1 9 9 0 ; D u c h e n e ,  e t  a l .  1 9 8 6 ; 

S a e n g e r  1 9 8 0 ; S z e j t l i ,  1 9 8 2 ; S t e n p h e n ,  e t  a l .  1 9 8 4  a n d  S t r a t t a n  E  C h a r l e s ,

1 9 9 0 )

1. S t r u c t u r e  a n d  P r o p e r t i e s  o f  C y c l o d e x t r i n s

C y c l o d e x t r i n s  a r e  o l i g o m e r s  o f  g l u c o s e  t h a t  a r e  p r o d u c e d  b y  

e n z y m a t i c  ( C y c l o d e x t r i n  t r a n s g l y c o s y l a s e ,  C T G )  d e g r a d a t i o n  o f  s t a r c h .  

C y c l o d e x t r i n s  a r e  c l a s s i f i e d  b y  t h e  n u m b e r  o f  a - 1 ,  4 - l i n k e d  g l u c o s e  u n i t s  

t h a t  o c c u r  i n  t h e i r  m o l e c u l a r  s t r u c t u r e .  A l p h a  ( a ) - ,  B e t a  ( P ) - ,  a n d  G a m m a  

( y ) - c y c l o d e x t r i n  h a s  s i x ,  s e v e n ,  a n d  e i g h t  g l u c o s e  u n i t s ,  r e s p e c t i v e l y .  I n  

t h e s e  c o m p o u n d s ,  t h e  C - l  c h a i n  c o n f o r m a t i o n  o f  t h e  g l u c o s e  m o n o m e r s  

i m p a r t s  t o  t h e  m o l e c u l e  a  c o n e - l i k e  s t r u c t u r e  in  w h i c h  t h e  h y d r o x y l  g r o u p s  

a r e  o r i e n t e d  o n  t h e  e x t e r i o r  o f  t h e  t o r u s .  T h e  n a r r o w e r  e n d  o f  t h e  c o n e  

c o n t a i n s  p r i m a r y  h y d r o x y l  f u n c t i o n a l i t y  w h i l e  t h e  w i d e r  f a c e  c o n t a i n s  t h e  

s e c o n d a r y  h y d r o x y l  g r o u p s .  T h i s  a r r a n g e m e n t  m a k e s  t h e  c y c l o d e x t r i n  

e x t e r i o r  d e c i d e d l y  h y d r o p h i l i c .  T h e  s e c o n d a r y  h y d r o x y l  g r o u p s  c a n ,  

h o w e v e r ,  i n t e r a c t  v i a  h y d r o g e n  b o n d i n g  t o  s t a b i l i z e  t h e  c r y s t a l l i n e  l a t t i c e .  

T h i s  r e d u c e s  t o  a  l a r g e  e x t e n t  t h e  s o l u b i l i t y  o f  c y c l o d e x t r i n s ,  e s p e c i a l l y  p -  

c y c l o d e x t r i n  i n  w a t e r .  M o s t  i m p o r t a n t l y ,  t h e  i n t e r i o r  o f  t h e  c y c l o d e x t r i n
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c o n e  i s  h y d r o p h o b i c  d u e  t o  t h e  p r e s e n c e  o f  t h e  s k e l e t a l  c a r b o n s  a n d  

e t h e r e a l  o x y g e n  t h a t  l i n e  t h e  c a v i t y .  T h e  r e s u l t  o f  t h i s  a r c h i t e c t u r e  i s  a  

l i p o i d  m i c r o e n v i r o n m e n t  t h a t  c a n  s o l u b i l i z e  n o n - p o l a r  c o m p o u n d s .

C y c l o d e x t r i n s  a r e  s t a b l e  in  a l k a l i n e  s o l u t i o n s .  T h e y  a r e  

s u s c e p t i b l e  t o  a c i d  h y d r o l y s i s .  P a r t i a l  a c i d  h y d r o l y s i s  o f  c y c l o d e x t r i n s  

p r o d u c e s  g l u c o s e  a n d  s e r i e s  o f  c y c l i c  m a l t o s a c c h a r i d e s .  S t a b i l i t y  o f  

c y c l o d e x t r i n  t o w a r d  a c i d  h y d r o l y s i s  d e p e n d s  o n  t e m p e r a t u r e  a n d  a c i d i t y .  

U n d e r  n o r m a l  e x p e r i m e n t a l  c o n d i t i o n ,  p H  h i g h e r  t h a n  3 .5  a n d  t e m p e r a t u r e  

l o w e r  t h a n  6 0  ° c ,  P - c y c l o d e x t r i n  i s  f a i r l y  s t a b l e ,  n o n  h y g r o s c o p i c  a n d  a s  

s t a b l e  a s  s u c r o s e  o r  s t a r c h .  T h e y  c a n  b e  s t o r e d  w i t h o u t  d e t e r i o r a t i o n .  A n  

a q u e o u s  c y c l o d e x t r i n  s o l u t i o n  i s  n o t  v i s c o u s .  T h e  a p p r o x i m a t e  p o l a r i t y  o f  

p - c y c l o d e x t r i n  i n  1 0 0  m o l  p e r  l i t r e  a q u e o u s  s o l u t i o n i s  s i m i l a r  t o  t h a t  o f  

4 0  %  s o l u t i o n  o f  a l c o h o l  i n  w a t e r .  T a k e n  a s  a  w h o l e ,  P - c y c l o d e x t r i n  i s  

w a t e r  s o l u b l e  c o m p o u n d  t h a t  c a n  f o r m  r e v e r s i b l e  c o m p l e x  w i t h  s m a l l e r  

m o l e c u l e s  t h a t  c a n  f i t  i n t o  t h e  h y d r o p h o b i c  c a v i t y  o f  c y c l o d e x t r i n .  T h e  

p h y s i c o c h e m i c a l  p r o p e r t i e s  o f  t h e  d r u g  m o l e c u l e s  a r e  c h a n g e d .  A t  t h e  

p h a r m a c e u t i c a l  l e v e l ,  t h e  a p p l i c a t i o n s  o f  i n c l u s i o n  c o m p l e x e s  a r e  e s s e n t i a l  

i n  t h e  i m p r o v e m e n t  o f  m o l e c u l a r  s t a b i l i t y ,  s o l u b i l i t y  a n d  b i o a v a i l a b i l i t y .  

S t r u c t u r e  o f  p - c y c l o d e x t r i n  i s  s h o w n  in  F i g  1 a n d  c h a r a c t e r i s t i c s  o f  a ,  p ,  y -  

c y c l o d e x t r i n s .  a r e  s h o w n  i n  T a b l e  5.

2 . C v c l o d e x t r i n  I n c l u s i o n  C o m p l e x e s

I n c l u s i o n  c o m p l e x  i s  a  f o r m  o f  a  c h e m i c a l  c o m p l e x  w h i c h  o n e  

m o l e c u l e  i s  e n c l o s e d  i n  a n o t h e r  m o l e c u l e .  T h e  c y c l o d e x t r i n  m o l e c u l e s  a c t  

a s  ‘h o s t s ’ i n t o  w h o s e  c a v i t i e s  f o r e i g n  ‘ g u e s t ’ m o l e c u l e s  m a y  t o t a l l y  o r  

p a r t i a l l y  f i t .  T h e  i n t e r a c t i o n  b e t w e e n  h o s t  a n d  g u e s t  a r e
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a )  v a n  d e  w a a l s  i n t e r a c t i o n  b e t w e e n  g u e s t  a n d  h o s t

b )  a b i l i t y  o f  g u e s t  m o l e c u l e s  o f  s u i t a b l e  s i z e  a n d  s h a p e  t o  b e  

p h y s i c a l l y  a c c o m m o d a t e d  i n  t h e  c y c l o d e x t r i n  c a v i t y .

T a b l e  5 C h a r a c t e r i s t i c s  o f  a ,  p ,  y - C y c l o d e x t r i n s

A l p h a  ( a ) B e t a ( P ) G a m m a ( y )

M o l e c u l a r  w e i g h t 9 7 2 11 35 1 2 9 7

G l u c o s e  m o n o m e r s 6 7 8

I n t e r n a l  c a v i t y  d i a m e t e r  ( A 0) 5 6 8

W a t e r  s o l u b i l i t y ( g / l O O  m L :2 5 ° C ) 14.5 1.85 2 3 .2

S u r f a c e  t e n s i o n  ( m N / m ) 71 71 71

M e l t i n g  r a n g e  (°C ) 2 5 5 - 2 6 0 2 5 5 -2 6 5 2 4 0 - 2 4 5

W a t e r  o f  c r y s t a l l i z a t i o n 10 .2 13 -1 5 8 -1 8

W a t e r  i n  c a v i t y 6 11 17

F i g  1. S t r u c t u r e  o f  P - c y c l o d e x t r i n
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3 . P r e p a r a t i o n  o f  I n c l u s i o n  C o m p l e x e s

M e c h a n i s m  c o n c e r n e d  i n  p r e p a r a t i o n  o f  i n c l u s i o n  c o m p l e x  i s  t h e  

d i f f u s i o n  o f  d r u g  m o l e c u l e s  in  c o n t a c t  w i t h  c y c l o d e x t r i n s  n e e d s  a t  l e a s t  o n e  

s o l v e n t  ( w a t e r ,  a l c o h o l ) .  I n  s t i r r i n g  m e d i u m  s e v e r a l  k i n e t i c  r e a c t i o n s  m a y  

o c c u r  l e a d i n g  t o  t h e  f o r m a t i o n  o f  i n c l u s i o n  c o m p l e x e s .  I n  d i r e c t i o n  1, a t  t h e  

e n d  o f  t h e  r e a c t i o n ,  e q u i l i b r i u m  i s  r e a c h e d ;  i t  c a n  b e  m o d i f i e d  b y  v a r y i n g  

t h e  t e m p e r a t u r e s  o r  s o l v e n t  q u a n t i t i e s .

R e a c t i o n  m e c h a n i s m  o f  p r o d u c t i o n  o f  P - c y c l o d e x t r i n  i n c l u s i o n  

c o m p o u n d  i s  a s  f o l l o w s  ( S e r p e l l o n i ,  1 9 9 0 )

I n s o l u b l e s C D A C D - A

1 - i t  S c D 1 4 - t  S a ' I ' t S c D - A

S o l u t e s ท C D +  m A  - »  
K c

C D - A

C D : C y c l o d e x t r i n  m o l e c u l e

A : G u e s t  m o l e c u l e

C D - A : I n c l u s i o n  c o m p l e x

ท : n u m b e r  o f  C D  m o l e c u l e  i n  t h e  i n c l u s i o n  c o m p l e x

m : n u m b e r  o f  A  m o l e c u l e  in  t h e  i n c l u s i o n  c o m p l e x

S c d : s o l u b i l i t y  o f  c y c l o d e x t r i n

S a : s o l u b i l i t y  o f  g u e s t  A

S c p -A : s o l u b i l i t y  o f  i n c l u s i o n  c o m p l e x

T h e  e q u i l i b r i u m  b e t w e e n  A  a n d  C D - A  i s  c h a r a c t e r i z e d  b y  t h e  

e q u i l i b r i u m  c o n s t a n t  ( K c )

K c  =  C D - A .
( C D ) n( A ) m
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4. P r o d u c t i o n  o f  C v c l o d e x t r i n  I n c l u s i o n  C o m p l e x e s

T h e r e  a r e  m a n y  m e t h o d s  f o r  t h e  p r o d u c t i o n  o f  i n c l u s i o n  c o m p l e x  

w h i c h  a r e  :

4 .1 .  P r e c i p i t a t i o n  m e t h o d

I t  i s  t h e  m o s t  r e l i a b l e  m e t h o d  t o  i s o l a t e  i n c l u s i o n  c o m p l e x  f r o m  

s a t u r a t e d  a q u e o u s  s o l u t i o n .  D r u g  m o l e c u l e  i s  i n t r o d u c e d  u n d e r  s o l i d ,  l i q u i d  

o r  g a s e o u s  f o r m  i n t o  t h e  t o t a l l y  s o l u b i l i z e d  c y c l o d e x t r i n .  A f t e r  a  l o n g  

m i x i n g  t i m e ,  t h e  b l e n d  i s  c o o l e d  i n  o r d e r  t o  r e c o v e r  c y c l o d e x t r i n - d r u g  

i n c l u s i o n  c o m p l e x .  T h e  c o m p l e x  i s  s e p a r a t e d  b y  f i l t r a t i o n  o r  

c e n t r i f u g a t i o n .  T h i s  m e t h o d  i s  n o t  a p p l i c a b l e  t o  t h e  s y s t e m  w i t h  a n  A - t y p e  

s o l u b i l i t y  p h a s e  d i a g r a m  b e c a u s e  o f  t h e  f o r m a t i o n  o f  a  s o l u b l e  i n c l u s i o n  

c o m p l e x .  I t  i s  a l s o  u n s u i t a b l e  f o r  a  l a r g e  s c a l e  b e c a u s e  o f  t h e  u s e  o f  h i g h  

v o l u m e  o f  w a t e r  a n d  t i m e  c o n s u m i n g .

4 .2 . K n e a d i n g  m e t h o d

T h e  d r u g  s u b s t a n c e  i s  a d d e d  t o  t h e  c y c l o d e x t r i n  a n d  w a t e r  t o  

f o r m  a  s l u r r y  w h i c h  u n d e r g o e s  a n  i n c r e a s e  i n  v i s c o s i t y  w i t h  c o n t i n u e  

m i x i n g .  T h i s  m a y  c o n c e n t r a t e  a  p a s t e  w h i c h  c a n  b e  d r i e d  a n d  p o w d e r e d .  

K n e a d i n g  m e t h o d  i s  a d v i s a b l e  t o  u s e  in  i n d u s t r y  b e c a u s e  t h e  m e t h o d  i s  

r a p i d ,  s i m p l e ,  s a f e  a n d  i n e x p e n s i v e  ( S e r p e l l o n i  a n d  M e n t i n k  1 9 9 0  ) .  I n  

c o m p a r i s o n ,  t h e  p u r i t y  o f  t h e  c o m p l e x e s  p r e p a r e d  f r o m  k n e a d i n g  m e t h o d  

a r e  l o w e r  t h a n  t h o s e  f r o m  t h e  p r e c i p i t a t i o n  m e t h o d .

4 .3 . F r e e z e - d r y i n g ,  S p r a y  d r y i n g  m e t h o d

T h e  d r u g  i s  d i s s o l v e d  in  w a t e r  u s i n g  a m m o n i a  s o l u t i o n  i f  

n e c e s s a r y .  A  r e q u i r e d  p r o p o r t i o n  o f  P - c y c l o d e x t r i n  i s  t h e n  d i s s o l v e d  i n  t h e
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d r u g  s o l u t i o n .  T h e  m i x e d  s o l u t i o n  i s  t h e n  f r e e z e - d r i e d  o r  s p r a y  d r i e d .  T h e  

c o m p l e x e s  o b t a i n e d  a r e  a m o r p h o u s  s t r u c t u r e .  T h i s  m e t h o d  i s  s u i t a b l e  f o r  

w a t e r  s o l u b l e  g u e s t .  L i n ,  e t  a l .  ( 1 9 8 9 )  p r e p a r e d  t h e  i n c l u s i o n  c o m p l e x e s  o f  

i n d o m e t h a c i n ,  p i r o x i c a m ,  a c e t a m i n o p h e n  a n d  w a r f a r i n  w i t h  P - c y c l o d e x t r i n  

b y  u s i n g  s p r a y  d r y i n g  t e c h n i q u e .  T h e  s p r a y  d r i e d  p r o d u c t s  h a d  p o o r  

f l o w a b i l i t y  a n d  c o m p r e s s i b i l i t y .  H o w e v e r  t h e  d i s s o l u t i o n  r a t e s  o f  t h e  d r u g s  

w e r e  f a s t e r  t h a n  t h o s e  o f  p u r e  d r u g s  a n d  p h y s i c a l  m i x t u r e  o f  d r u g s  a n d  P -  

c y c l o d e x t r i n .  K u r o z u m i ,  e t  a l .  ( 1 9 7 5 )  r e p o r t e d  t h a t  t h e  f r e e z e  d r y i n g  

m e t h o d  w a s  u s e f u l  t o  o b t a i n  t h e  i n c l u s i o n  c o m p l e x e s  o f  d r u g s  w i t h  13- 

c y c l o d e x t r i n  i f  t h e  a q u e o u s  s o l u t i o n  o f  t h e  d r u g s  w e r e  p r e p a r e d  a n d  t h e n  

a d d e d  a  s m a l l  a m o u n t  o f  a m m o n i a  b e f o r e  f r e e z e - d r y i n g .

4 .4  G r i n d i n g  m e t h o d

L i n ,  K a o  a n d  Y a n g  ( 1 9 8 8 )  p r e p a r e d  p a r a c e t a m o l  i n c l u s i o n  

c o m p l e x  b y  g r i n d i n g  t h e  m i x t u r e  o f  p a r a c e t a m o l  a n d  P - c y c l o d e x t r i n  i n  a  

c e r a m i c  b a l l  m i l l  f o r  2 4  h o u r s .  A n  a m o r p h o u s  i n c l u s i o n  c o m p l e x  i s  

f o r m e d .  N a k a i  ( 1 9 8 6 )  s t u d i e d  t h e  g r o u n d  m i x t u r e  o f  a s p i r i n  w i t h  P -  

c y c l o d e x t r i n  b y  g r i n d i n g  i n  a  v i b r a t o r y  m i l l ,  t h e  r e s u l t  i n d i c a t e d  t h a t  a s p i r i n  

b e c a m e  a m o r p h o u s  i n  t h e  g r o u n d  m i x t u r e  w i t h  P - c y c l o d e x t r i n .

4 .5  S e a l e d  h e a t i n g  m e t h o d

S e a l e d  h e a t i n g  i s  a  n e w  m e t h o d  f o r  p r e p a r i n g  d r u g - p - c y c l o d e x t r i n  

i n c l u s i o n  c o m p l e x .  T h e  m i x t u r e s  o f  d r u g  a n d  p - c y c l o d e x t r i n  w e r e  s e a l e d  

i n  a m p o u l e ,  t h e n  h e a t e d  a t  a  d e f i n i t e  t i m e  a n d  t e m p e r a t u r e  i n  a n  o i l  b a t h .  

T h e  d r u g  w a s  t h e n  i n c l u d e d  i n  P - c y c l o d e x t r i n  c a v i t y .  ( N a k a i ,  e t  a l .  1 9 8 7 ; 

1 9 8 9 )
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5 M e t h o d  f o r  D e t e c t i o n  o f  I n c l u s i o n  C o m p l e x e s

5 .1  I n c l u s i o n  C o m p l e x e s  i n  S o l u t i o n

T h e  f o r m a t i o n  o f  i n c l u s i o n  c o m p l e x  i n  s o l u t i o n  c a n  b e  d e t e c t e d  

b y  v a r i o u s  m e t h o d s  s u c h  a s  k i n e t i c s ,  t h e r m o d y n a m i c s ,  p o t e n t i o m e t r i c  a n d  

s p e c t r o s c o p i c .  W h e n  g u e s t  m o l e c u l e  i s  i n c l u d e d  i n  t h e  c y c l o d e x t n n  c a v i t y ,  

t h e  a b s o r p t i o n  a n d  f l u o r e s c e n c e  s p e c t r a  u s u a l l y  c h a n g e  s u g g e s t i n g  t h a t  t h e  

c h r o m o p h o r e  o f  t h e  g u e s t  i s  t r a n s f e r r e d  f r o m  a q u e o u s  a t m o s p h e r e  t o  

c y c l o d e x t r i n  c a v i t y .  P o t e n t i o m e t r i c  t i t r a t i o n  m e t h o d  i s  a p p l i c a b l e  t o  d e t e c t  

t h e  i n c l u s i o n  c o m p l e x  f o r m a t i o n  i n  w h i c h  t h e  g u e s t  h a s  a c i d i c  o r  b a s i c  

f u n c t i o n a l  g r o u p .  B y  b o n d i n g  t o  c y c l o d e x t r i n ,  p k a v a l u e  o f  a c i d i c  g u e s t  i s  

u s u a l l y  i n c r e a s e d  w h i l e  t h a t  o f  t h e  b a s i c  o n e  i s  d e c r e a s e d .  T h e  g r e a t  

p r a c t i c a l  i s  t o  d e t e r m i n e  t h e  s o l u b i l i t y  c o n s t a n t s .  A  c y c l o d e x t r i n  i n c l u s i o n  

c o m p l e x  i n  s o l u t i o n  i s  a l w a y s  i n  k i n e t i c  o r  t h e r m o d y n a m i c  e q u i l i b r i u m .  

T h i s  e q u i l i b r i u m  i s  d e s c r i b e d  b y  s o l u b i l i t y  c o n s t a n t  ( K c ) .  T h e  K c  v a l u e  

c a n  b e  d e t e r m i n e d  b y  p h a s e  s o l u b i l i t y  m e t h o d .

5 .2  I n c l u s i o n  C o m p l e x e s  i n  S o l i d  S t a t e

D r u g - c y c l o d e x t r i n  i n c l u s i o n  c o m p l e x e s  e x i s t  a s  s t a t i c  s p e c i e s  

w i t h  c o n s t a n t  s t o i c h i o m e t r y  i n  t h e  s o l i d  s t a t e  t h a t  c a n  b e  d e t e c t e d  b y  

p h y s i c a l  m e t h o d s .

5 .2 .1  I n f r a - r e d  S p e c t r o p h o t o m e t e r

C o m p l e x  f o r m a t i o n  m a y  b e  p r o v e d  i n  s o m e  c a s e s  b y  

i n f r a r e d  s t u d i e s ,  b u t  t h i s  m e t h o d  i s  o f  l i m i t e d  u s e .  T h i s  i s  d u e  t o  t h e  

s p e c t r a  o f  c y c l o d e x t r i n s  r e p r e s e n t i n g  t h e  m a j o r i t y  o f  t h e  c o m p l e x  b e i n g  

h a r d l y  i n f l u e n c e d  b y  c o m p l e x  f o r m a t i o n .  S o m e  i n v e s t i g a t i o n s  s h o w e d  t h e
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c h e m i c a l  m o d i f i c a t i o n  d i d  o c c u r  d u r i n g  i n t e r a c t i o n  o f  d r u g  w i t h  

c y c l o d e x t r i n .  ( N a k a i ,  e t  a l .  1 9 8 0 )

5 .2 .2  X - r a y  P o w d e r  D i f f r a c t i o n

S i n c e  l i q u i d  g u e s t  m o l e c u l e s  d o  n o t  p r o d u c e  d i f f r a c t i o n  

p a t t e r n s ,  i f  t h e  d i f f r a c t o g r a m  d i f f e r s  s i g n i f i c a n t l y  f r o m  t h a t  o f  u n c o m p l e x e d  

c y c l o d e x t r i n ,  t h e  c o m p l e x  f o r m a t i o n  c a n  b e  e s t a b l i s h e d .  T h u s ,  i n  t h e  c a s e  

o f  l i q u i d  g u e s t  m o l e c u l e s ,  X - r a y  p o w d e r  d i f f r a c t i o n  i s  p a r t i c u l a r l y  u s e f u l .  

P o w d e r  X - r a y  d i f f r a c t o m e t r y  i s  a  u s e f u l  m e t h o d  f o r  d e t e c t i o n  o f  (3- 

c y c l o d e x t r i n  i n c l u s i o n  c o m p o u n d s  i n  p o w d e r  s t a t e s .  T h e  d i f f r a c t i o n  

p a t t e r n  o f  t h e  i n c l u s i o n  c o m p o u n d  i s  c l e a r l y  d i s t i n c t  f r o m  t h e  s u p e r p o s i t i o n  

o f  e a c h  c o m p o n e n t  i f  t r u e  i n c l u s i o n  c o m p o u n d  e x i s t .

5 .2 .3  M e t h o d  I n v o l v i n g  H e a t i n g

T h e  t h e r m o  a n a l y t i c a l  s y s t e m  ( T A S )  i n v o l v e s  t h e  s a m p l e  

b e i n g  h e a t e d  i n  a  s e a l e d  g l a s s  t u b e  w i t h  a  c a p i l l a r y  o u t l e t .  T h i s  t e c h n i q u e  

i s  a  p y r o l y t i c  t h i n  l a y e r  c h r o m a t o g r a p h y  a n d  f o u n d  t o  b e  t h e  m o s t  s u i t a b l e  

t e c h n i q u e  f o r  t e s t i n g  v o l a t i l e  o i l  i n c l u s i o n  c o m p l e x e s .  D i f f e r e n t i a l  t h e r m a l  

a n a l y s i s  ( D T A )  c a n  b e  a p p r e c i a t e d  d u e  t o  t h e  s e n s i t i v i t y  o f  t h i s  t e c h n i q u e .  

A n y  c h a n g e  i n  t h e  c r y s t a l l i n e  s t a t e  o f  a  m a t e r i a l  w i l l  b e  d e t e c t e d .  T h i s  

l e n d s  i t s e l f  v e r y  r e a d i l y  t o  d e t e c t i o n  o f  i n c l u s i o n  c o m p l e x .  D i f f e r e n t i a l  

s c a n n i n g  c a l o r i m e t e r  ( D S C )  i s  v e r y  s i m i l a r  t o  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s .  

D i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t e r  i s  c u r r e n t l y  u s e d  a s  a  s o u r c e  o f  

i n f o r m a t i o n  i n  t h e  s t u d y  o f  s o l i d  s t a t e  i n t e r a c t i o n  o f  d r u g s  w i t h  

c y c l o d e x t r i n s .  ( F o r d  a n d  R u b i n s t e i n  1 9 8 1 ) . T h e  i n t e r p r e t a t i o n  o f  t h e  

t h e r m a l  e f f e c t s  r e c o r d e d  f o r  t h e  g i v e n  d r u g s  a n d  c y c l o d e x t r i n s  s y s t e m  is  

p o s s i b l e  o n l y  w h e n  t h e  t h e r m a l  b e h a v i o r  o f  e a c h  c o m p o n e n t  i s  k n o w n .
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D iffe ren tia l scanning ca lorim eter analysis o f  P -cyc lodextrin  reveals 

thermal effects w h ich  can be attributed to not on ly  the dehydration and 

m elting  w ith  the decom position o f  P -cyc lodextrin  but also so lid -so lid  

phase transitions.

6 Phase S o lub ility

The so lu b ility  method was described by H iguch i and Connors 

(1965). Phase so lu b ility  analysis is used to determ ine the re la tionship 

between the to ta l concentration o f  d issolved drug and the concentration o f  

added cyclodextrin . The so lu b ility  method is based on m on ito ring  changes 

in  so lub ility  o f  drug by the add ition  o f  p -cyc lodextrin . Excess amount o f 

the drug was added to a so lu tion o f  P -cyc lodextrin  in  various 

concentrations, shaken at a constant temperature. A fte r  equ ilib rium  is 

attained, the so lu tion phase is analyzed fo r  to ta l concentration o f  the drug 

in  the solution. Changes in  so lub ility  o f  the drug are p lo tted  as a function  

o f  P -cyc lodextrin  concentration. A cco rd ing  to the de fin itions prov ided by 

H iguch i and Conners (1965), the tw o  m ain types o f  so lu b ility  p ro files  are A  

and B. A -type  curves indicate the fo rm a tion  o f  soluble inc lus ion 

complexes w h ile  B -type relationships indicate the fo rm a tion  o f  complexes 

w ith  lim ited  so lub ility . Each type is fu rther subdivided. I f  a p lo t o f 

cyc lodextrin  concentration versus the concentration o f  drug so lub ilized  is 

linear, an A L-type system is obtained. Positive or negative deviations from  

linea rity  g ive A p - and A n-type responses, respectively. Ap-system s 

generally re flect h igh order com plexation at h igher cyc lodextrin  

concentrations meaning that more than one cyc lodextrin  m olecule is 

com plexing w ith  the guest. I f  a com plex o f  a drug and cyc lodextrin  is not 

soluble, a B -type curve is generated. Complexes o f  lim ite d  so lu b ility  g ive
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B s type relationships. For A  and B s-type systems, the in itia l linear portion  

o f  the curve can be useful in  exam ining the e ffic iency o f  com plexation. A t 

po in t A  so lu b ility  o f  the inclusion com plex reaches its lim it. The ร t 

(apparent so lu b ility ) o f  the guest is constant between A  and B. A fte r point 

B, where a ll the so lid  guest had been consumed, the guest in  the solution is 

converted to the so lid  inclusion com plex by fu rther addition o f  P- 

cyc lodextrin . The so lub ility  constant (K c) o f  1:1 can be calculated from  the 

slope and intercept o f  the in itia l straight line portion  o f  the diagram from  

the fo llo w in g  equation.

K i l l  =  Slope
So(l-slope)

So refers to  the so lu b ility  o f  the drug in the absence o f  P- 

cyc lodextrin . The slope value is obtained from  phase-so lub ility  analysis.

The stepper the slope, the better the com plexation. Szejtli (1981) 

evaluated the effect o f  p -cyc lodextrin  on the b ioava ila b ility  o f  drugs and 

pointed out that the ideal s tab ility  constant should be between 100-1000 M ’ 1 

Smaller s tab ility  constants give too weak an interaction to  im prove the 

so lu b ility  whereas larger values h inder the absorption process. The 

schematic representation o f  phase so lub ility  diagram was shown in Fig. 2

7 C yc lodextrin  in  Pharmaceutical Sciences (Duchene, et al. 1986; 

1990; Jones, S.P., et al. 1984; Nam bu, et al. 1978, Sze jtli, 1982; Zecchi, V. 

é ta l. 1988)

The pharm aceutical applications o f  cyclodextrins are as fo llow s

7.1 In  the fo rm u la tion  o f  oral drug.

- L iq u id  compounds can be transform ed into crysta lline  form  

w h ich  is then suitable fo r  tablet m anufacturing
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F ig  2 Phase S o lub ility  D iagrams 

A  A -type  diagram

B B -type diagram
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- M ask ing  an unpleasant taste or odor o f  com pound

- Avoidance o f  an incom pa tib ility  o f  uncom plexed compound 

w ith  other drugs or excipients in the form ulation.

- Content un ifo rm ity  o f  low-dose tablets is im proved by making 

tablet o f  the m icrocrysta lline  complexes.

- C yc lodextrins and the ir complexes generally are not 

hygroscopic and they can be pressed to tablets o f  rather good mechanical 

properties.

7.2 Im provem ent o f  physical and chemical s tab ility  :

- Vo la tile  compounds can be stabilized against loss by 

evaporation.

- C yc lodextrin  inclusion com plex protects oxid izable  compounds 

against ox ida tion  by air.

- Rate o f  decom position, po lym erization, autocata lytic reactions 

are considerably decreased.

7.3 B io a va ila b ility  o f  poo rly  soluble drugs can be enhanced :

- S o lub ility  in  w ater as w e ll as the rate o f  d isso lu tion o f  poorly  

soluble substances can be increased.

- The complexes are hyd roph ilic , easily w ettable and readily

soluble.

- H igher b lood levels o f  poorly  w ater soluble drugs can be 

achieved after the oral adm in istra tion i f  they are com plexed w ith  

cyc lodex trin  (poss ib ility  fo r  reduction o f  doses).

- Reducing the hydrophob ic ity  o f  drugs by cyclodextrin  

com plexation im proves the ir percutaneous or rectal absorption.
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8 T o x ic ity  o f  C vclodextrins fG erglv. et al. 1982; Saenger, 1980)

A fte r  oral adm inistration, cyclodextrins are not hydro lyzed during 

the ir transit through small intestine, hydro lys is  occurs in  colon. P- 

cyc lodextrins are resistant to P-amylase, but they can be hydro lyzed by a - 

amylases. p -C yc lodex trin  is poo rly  absorbed by small intestine. The oral 

adm in istra tion o f  cyc lodextrin  was not result in  acute tox ic ity . No 

s ign ificant change in  organs were observed in long term  adm inistration. 

L D 50 o f  P -cyc lodextrin  is more than 12.5 g/kg in m ice, 18.8 g/kg in rats, 

and 5 g /kg  in  dogs.

9. R eview s the A pp lica tion  o f  B -C vclodextrin  in Pharmaceutical 

Sciences

Hamada, et al. (1975) studied the interactions o f  a -cyc lodextnn  

and P -cyc lodextrin  w ith  several non-steroidal antiin flam m atory drugs 

(indom ethacin, flu fenam ic acid, mefenamic acid and phenylbutazone), 

com paring w ith  glucose. The so lub ility  o f  all drugs was found to 

increased w ith  the addition o f  p -cyc lodextrin  w h ile  not w ith  glucose. 

S ze jtli, et al. (1982) found a 2:1 com plex o f  P -cyclodextrin  : indom ethacin 

that helped to relieve the side effects o f  indom ethacin (m a in ly  gastric 

irr ita tio n ) but a 1:1 com plex how ever aggravated the side effects. 

Backenfe ld  et al. (1990) and Hamada, et al. (1975) reported that the p- 

ch loro benzoic acid functional group o f  the indom ethacin m olecule was 

included in to  the cav ity  o f  P -cyclodextrin  but the indole part o f  

indom ethacin was too large fo r inclusion. a -C yc lodex trin  accelerated the 

hydro lys is  o f  indom ethacin because ring  size o f  a -cyc lodex tnn  m ight not 

be able to include the reactiv ity  group o f  indom ethacin into its cavity. P- 

C yc lodextrin  includes the acid functional groups o f  the indom ethacin
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m olecule w ith in  the cavity, thus im prov ing  the s tab ility  o f  indomethacin. 

L in  and Kao (1989) studied indom ethacin, p irox icam , paracetamol and 

w arfa rin  fo rm ing  inclusion com plex w ith  P -cyclodextrin  by spray-drying 

m ethod and reported that the amorphous small particles were form ed and 

led to increase dissolution. Nam bu, et al. (1978) prepared freeze-dried 

inclusion complexes o f  P -cyclodextrin  w ith  nonsteroid anti-in flam m atory 

drugs; w h ich  were flu fenam ic acid, ibuprofen, ketoprofen and 

indom ethacin. They found the complexes w ith  P -cyclodextrin  had better 

d isso lu tion characteristic compared to the complexes w ith  the water 

soluble synthetic po lym er, po lyv iny lpyrro lidone  and polyethylene glycol. 

The drug P -cyc lodextrin  complexes are low er hygroscop ic ity  and higher 

flu id ity . The so lub iliza tion  o f  sparingly soluble drugs by cyclodextrins was 

studied inc lud ing  sulfonamides, chloram phenicol, prostaglandin E2, steroid 

hormones, naproxen, and phenylto in. For rational design o f  drug 

form ula tions, cyc lodextnn  can be used as an active excipient. The 

poss ib ility  o f  using P -cyclodextrin  as a f il le r  has been reported by La 

M anna, et al. (1990). Szabo, et al. (1989) reported a s ign ifican tly  increase 

in d isso lu tion o f  chloram phenicol was found by physical m ixture o f  

ch loram phenico l and P -cyclodextrin . The im provem ent o f  d isso lu tion o f  

the physica l m ixtures was attributed to the com bined effects o f  the 

hyd roph ilic  properties o f  p -cyc lodextrin  and fragm entation o f  

ch loram phenico l crystals. S imple physical m ixture o f  drug w ith  p~ 

cyc lodextrin  displayed better so lub ility  than each drug itse lf. Shangraw, et 

al. (1990) studied d isso lu tion o f  tablets made by w et granulation o f  both 

physica l m ix tu re  and inclusion com plex o f  progesterone and p* 

cyc lodextrin . They found that dissolutions o f  all fo rm ula tions containing 

P -cyc lodextrin  were much faster than those w ith  m icrocrysta lline  cellulose.
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Luu, et al. (1987) reported the enhancement o f  pharm aceutical a c tiv ity  o f  

Cerm 3276 when g rind ing  w ith  p -cyc lodextrin  although no inc lus ion  was 

formed. In  tab let m anufacturing, cyc lodextrin  can be used as an aux ilia ry  

substance (disintegrant, b inder or d iluent). Shangraw, et al. (1990) 

reported that the com pa tib ility  o f  tablet using cyc lodextrin  as a f i l le r  was 

excellent but the f lu id ity  was insu ffic ien t fo r routine compression. 

Form ulation conta in ing P -cyclodextrin  exh ib ited m uch faster and higher 

d issolution. The use o f  cyc lodextrin  showed considerable prom ise and 

needed to be explored further.
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