
DRUG D E V E L O P M E N T  4 N D  I N D U S T R I A L  P H A R M A C Y ,  1 2 ( 1 1 - 1 3 ) ,  2259-22741 (1'386) 

STUOIElS OF CYCLODEXTRIN INCLUSION COMPLEXES : 

I - ~ n , - ]  u:: :>p. C o m p l e x e s  i-etweer. y-a,ncl 3-.i'yc1 F i r : .  and  

C h l o r  ar pher , i co l  i r i  Aqeuou:. S o l u t i o n s .  

A . E .  Abou td leb ,  A l y  A .  Abdel R a h i n a n  ar.d SaveL! 1 s i : r a i l .  

F a c u l t y  o f  F'liarmacy, A s s i u :  U n i v e r s i t y ,  A s s i u t . ,  E;GYPi.'. 

S U M M A R Y  

Ch lo ran iphen iz l  was f0ur.d t o  form i n c l u s i o n  
complexes  w i t h  a-and 3 - c y c l o d e x t r i n s  ( a - . C y D  
and (3-CyD) i n  aqeuous  s o l u t i o n .  Phase  s o l u b i -  
l i t y  d i a g r a m s  were o b t a i n e d  w i t h  6 -CyD and  
f o u r d  t o  be Bs t y p e  c u r v e .  A n  a p p a r e n t  1:l 
complex fS2rrna t ion  c o n s t a n t  ( ~ < i = )  of P O ; - ~ : ~ C ~ ~ N - ~  
was o b t a i n e d  for c h l o r a m p h e n i c o l  i n  3-CyD. 

For ir-CyD t h e  p h a s e  s o l u b i l i t y  d izgrarns  
i n d i c a t e  AL I;'YPE C U R V E .  The complex stochio-. 
metric r a t io s  h-iere f o u n d  t o  be 111 and 1 : 2  
( g u e s t  : Host). The, a p p a r e n t  f o r m a t i o n  
c o n s t a n t  , Kc and  K c  , for c h l o r a m p h ' n i c : o l  i n  
a-CyD w e r e  found t o  be 3017 x lo4 N-' (and 
9 5 7  >: lo4 M - 1  , for l:l and  1 : 2  s t o c h i o m e t r i m c  
r a t i o s  r e s p e c t i v e l y .  'Thus t h e  a p p a r e n t  complex 
f o r m a t i m  c o n s t a n t  for c h l o r a m p h e n i c o l  i s  
h i g h e r  i n  6-CyD t h a n  a-CyD r e l a t i v e l y .  

It &as found  t h a t  t h e  aqueous  s o l u b i l i t y  
o f  c h l o r a m p h e n i c o l  more enhanced  by a- and  
3-CyD i : n c l u s i o n  c o m p l e x a t i o n  khan t h e  n o n - i o n i c  

s u r f a c t a n t  s o l u t i o n s  u s e d  i n  a p r e v i o u s  s t u d y .  
The h i g h e r  v a l u e s  o b t a i n e d  for t h e  cont:>lex 
f o r m a t i o n  c o n s t a n t s  i n d i c a t e  23 p a r t i c u l a r l y  
good f i t n e s s  of t h e  ch lo ra rnphen ico l  n o : l e c u l e  
w i t h  t h e  3-and a - C y D  c a v i t i e s  r e l a t i v e l y .  

M i c c u c r y s t a 1 1 i n  e so 1 i d i n  c: 1 u s  ion  corn p 1 e x  
of ch l .o tamphenico1  and  B-CyD, 1:1, was i s o l a t e d  
and  i n v e s t i g a t e d  by I . R . ,  i n  compar i son  w i t h  a 
p h y s i c a l  m i x t u r e  1:1, t o  c h a r a c t e r i z e  t h e  
i n t e r a c t i o n  t a k e s  p l a c e  be tween c h l o r a m p h e n i c o l  
and  B-C:fD w i t h i n  t h e  complex. T h u s  c h l o r a m p h e n i c o l  
cornplexed i n  6-CyD i n  aqueous  and  s o l i d  p h a s e s .  

i n  5%, w./v c o n c e n t r a t i o n ,  on c h l o r a m p h e n i c o l  com- 
p l e x a t i o n  i n  a -and  3-CyD c a v i t i e s  b.as i n v e s t i a a t c d .  
The aim of a 'dd ing  s u c h  a d d i t i v e s  i s  t r ,  r -educe  t h e  

The e f f e c t  of c e r t a i n  w a t e r  soluble c a r r i e r s ,  

2259  
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2260 ABOUTALEB, RAHMAN, AND I S M A I L  

c o n c e n t r a t i o n  of t h e  CyDs u s e d  i n  formu- 

1,itiT.g ct:I.orampheni.col i n  s o l u t i o r . .  It  

:,'as i c u r i d  t ha t  p r o p y l e n e  g l y c o l  a n d  
P .E .G .  42'-' a s s i s t c h 1 or  arnghe n i cc 1 com- 

p lc lxa t ion  i n  S - i y D ,  fo r in inq  h i g h s r  KC 
traliies, 

r e s p c c t i v e l y .  Whi le  g l l - c e r o l  dern in ish  

c h l o r a i c p h e n i c o l  c o m p l e x a t i o n  ir. 5-CyD. 

In c a s e  of a-CyD, P.E.G 4000 2r.d p r o p y l e n e  

g l y c o l  r i se  KC and  I<C f o r  c h l o r a m p h e n i c o l  

r e s p e c t i v e l y ,  a n d  the  reverse i s  t r u e  €or  
g l y c e r o l .  

46221 x 1.0' M-'. and  39883 x lr?'M-' 

/ 

I n t r o d u c t i o n .  

Cycloarnyloses  !a l so  ca l led  c y c l o d e x t r i n s )  a re  c y c l i c  

o l i q o z e r s  c o n t a i n i n g  s i x  o r  m o r e  D-glucose  u n i t s  l i n k e d  

1 - 4: t h e y  a r e  p r o d u c e d  by t h e  actior! o f  3aciZZtls n a c e r a z s  

arnylose  on s t a r c h .  The s i x  u n i t  s u b s t a n c e  i s  c a l l e d  c y c l o -  

hexaamylose  ( a - C y D ) ,  t h e  s e v e n  u n i t  s u b s t a n c e  i s  c a l l e d  

c y c l o h e p t a m y l o s e  (B-CyD) a n d  t h e  e i g h t  u n i t  s u b s t a n c e  is  

ca l led  cyc looc ta? . rnylose  (y-CyD) . These  m o l e c u l e s  a re  t o r o u s  

or doughnu t  i n  s h a p e .  They possess c e n t r a l  c a v i t i e s  of 

f i x e d  s h a p e s  a n d  s i z e s  ( 5 . 2 ,  6 . 4  and  8 . 4  ?. f o r  t h e  l a rger  

i n t e r a n c e  s i d e s  o f  a - ,  6- ,  a n d  y-CyD r e s p e c t i v e l y ' ' !  T h e i r  

h y d r o p h o b i c  c a v i t i e s  and  h y d r o p h i l l j c  f a c e s  (composed of 

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

c h e m i c a l  p r o p e r t i e s  ar,d t h e i r  p h a r m a c e u t i c a l  u s e s  i n  formu- 

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

o f  t h e  cyc lohexaa lny loses  have  b e e n  r ev iexec !  ( 2 - s ) .  Any rnoleculc 

s m a l l e r  t h a n  t h e  c a v i t y  of a c y c l o c d e x t i i n  car. enter t h e  cavi t . )  

a!:d t h e r e  urider-go n o n - c o v a l c n t  i n t e r a c t i o n  v:i i  h t h e   IS 

1. i ; ; inq and r imni r .n  Lke c a v ; t y .  'i'i;e r . - s i l l t i n g  :<ssc:i?t-ia:; 

p r o d u c t  i s  c a l l e d  a n  i n c l u s i o n  cc-plex. Ti le  cpc: o i l sx t r  1 :: i:: 

thus d h o s t  f o r  t h e  .;rnaller !<;liest) d I i G l * < Q l c ! .  Tj:e dii,i?r-,.;ia'::j 

-f t h e  a - c y c l o d e x t r i : :  c a v i t y  p e r m i t  t h e  i 
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STUDIES OF CYCLODEXTRIN INCLUSION COMPLEXES. I 2 2 6 1  

C yc  lode x t r i . n  s h avc  r ece i v e d  c:m s i d e r  3 5 1 e a t  t, :ri t ic- 

cccausc t h e y  a r e  i3ble t o  modi fy  t h e  p n y s i c z  t <>::d t!-,e 

cheni ica l  p r o p e r t i e s  of d r u c  molecules t h r o u q l i  i c c l c s i o r i  

cornplexat i o n .  (11-:t 3 j 

Such cornpl e x a t  i o n  :XI 7.- be u t i 1 i z ed ii:  pha r :: ,a ~ii: LI t ica I. 

f o r m u l a t i o n  t o  improv.- ti,e aqueous  s o l u b i l i t l - ,  d i s s o i u t i o c  

r a t e  chemica l  stability E I P , ~ / C I ~ .  b i o a i r a i l a b i ;  it,; of : . e r t a in  

d r u g s .  (11,12,14-?;?) 

c y c l o d e x t r i n - d r u g  compl tcxa t ion  a l s o  may af  +cct aruq v o l . a t i l  i t y ,  

dissolution r a t e ,  c h e m i c a l  r e a c t i v i t y ,  and  t h u s  treccme t h e  

object of many a p p l i c a t i o n  s t u d i e s  in m e d i c i n a l  field. 

E x p e r i m e n t a l  

N a t s r  ials : -_____ 

- a - C y D  axd . i - C y 3  w e r e  u s e d  without. f u r t h e r -  p u r i f i c a t i o n .  
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2262 ABOUTALEB, RAHMAN, AND ISMAIL 

EquiprrerL : 

- i'3p t o  b s t t o n  r o t a t i n g  s h a k e r ,  t n e r ~ ~ o s t a t i c a l l y  

c o n t r o l l e d  a t  2 3  2 0.5'C. 

- S e l f  r e c o r d i n g  d o u b l e  b e a n ,  u . v . ,  s p e c t r o p h o t o n c t e r .  

(Pye  Unicar SP 1 7 5 0 ) .  

- S i n a l e  beam u . v . ,  S ~ e c t r o p h o t o ~ e t e r  (Pye  Unicam 

S P 4 - 4 0 0 ) .  

- Double beav  i r . f r a - r e d  s p e c t r o p h o t o - p e t e r  (Pye  U n i c a r  

SP 1025). 

-- S o l u b i l i t y  S t u d i e s :  

1chL!4! These wnr2 c a r r i e d  out acso r -d ing  t o  I i i guch i  azc! -' 

::scc:;s a!7:3~zt ~f g u e s t  no lecc l e  ( c h l o r a n : p ~ ? e n i c o l j  were added 

to d i f f e r t r . n t  c o n c e n t r a t i o n s  ( M o l ? s / L i t e r )  of aqueous  u-CyU or 

j - l y E ,  a l o n e  o r  c 0 n t a i n i r . g  t h c  o r g a n i c  a d 2 i t i v e s  u s e 2  i n  5 %  

w/v c o n c d n t r a t i o n .  The screw capped  t u b e s  c o n t a i n i n g  t h e  l a s t  

m e n t i o n e d  i n g r e d i e n t s  were r o t a t e d  on  a m e c h a n i c a l  s p i n d l e  

t o p  t o  bot tom a t  2 5  5 0.5OC. A f t e r  s o l u b i l i t y  e q u i l i b r i u m  

w a s  a s c e r t a i n e d  (About 5 d a y s ) ,  a n  a l i q u o t  w a s  c e n t r i f u g e d  

and  p i p p e t t e d  t h r o u g h  a c o t t o n  f i l t e r .  4 0.5 o r  0 . 2  iiil a l i q u o t  

of t h e  s a m p l e  s o l u t i o n  was d i l u t e d  w i t h  d i s t i l l e d  w a t e r  and  

a n a l y z e d  s p e c t r o p h o t o m e t e r i c a l l y  for i t s  c h l o r a m p h e n i c o l  

c o n t e n t  a t  2 7 8  nm a g a i n s t  a b l a n k  h a v i n n  t h e  sane conce r , t r a -  

t i o n  o f  t he  a d d i t i v e s , g l y c e r o l  ?.E.G 4000 and  p r o p y l e n z  glycol,. ,  
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S T U D I E S  OF CYCLODEXTRIN I N C L U S I O N  COMPLEXES. I 2263  

ir. t h e  d i l u t i o n  r a n g e  u s e d )  - The c o n c e n t r a t i o n s  of c h l s r a m p h e n i c o l  

w e r e  found  from s t r a i g h t  B e e r ' s  p l o t ,  and c a l c u l a t e d  i n  r n o l e s / l i t e r .  

i t  w a s  f o u n d  t h a t  n e i t h e r  t h e  p r e s e n c e  of CyDS n o r  t h e  p r e s e n c e  

o f  a d d i t i v e s ,  i : n  t .he  d i l u t i o n  r a n g e  u s e d ,  i n t e r f e r  w i t h  t h e  

s p e c t r o p h o t o m e t r i c  a s s a y  of c h l o r a m p h e n i c o l ,  a s  s e e n  i n  

F i g .  (1). The appa ren t :  f o r m a t i o n  c o n s t a n t ,  K C  was c a l c u i a t e d  

from t h e  i n i t i a l  s t r a i g h t  l i n e  p o r t i o n  of t h e  p h a s e  s o l u b i l i t y  

d i a g r a m  a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n :  (1,21,25-30) 

i n d i c a t i n g  t h a t  t k . e  complex  s t o c h i o r i i e t r i c  ratio i s  1 :I. ( g u e s t .  

h o s t ) ,  I n  c a s e  cf  a s  i n  B-iZyEi i n c l u s i c n  corrplex-s.  ('"', '"-''') 

# 

a-CyD a n o t h e r  KC i s  c a l c u l a t e d  (1," ' 2 5 - 3 0 )  from t h e  sczcond 

s t r a i g h t  l i n e  p o r t i o n  of t h e  p h a s e  s o l u b i l i t y  d l ag ran i  i n d i c a t i i : c  

t h a t  t h e  s t o c h i o m e t r i c  r a t i o s  a r e  1:l a n d  l : 2  

( c j u e a t  : h o s t ) .  

(1,21,25- 3 0 )  

2- c 1 i d c'o x p 1 ex. 3 f ch  1 c r ci .::?h ,2 n i co 1 v: 1 e h 6 -- : v D ii' a : ; ;\ r i? p a r .: 2 

~s i i7 .q  conch t i o n ?  d e r i v e d  from thi:  d e s c e n d i n g  p a r t  of the 

solubility diacJraz id:) ~ K L ' L ' s ' . ~  ir, Fig. ( z ) ) .  2 . 2 ~ ;  . ' .-c,.n(o.; >;) 

and 9.625 qrn ch.lorxnpk:enicol ir. 2 C  ml. d i : ; t i l l e d  w a t e r  :,,ere 

.;?alee iri a f l a , ; k  aza ;haken t o p  t v  b o t t o a  f o r  onz Ir.ce.i a t  

25 _+. 0.5OC. 

The complex which p r e c i p i t a t e d  a s  a whit .e n ic ro-crys ta .L . l  i n e  

powder was s e p a r a t e d ,  washed twice w i t h  c h l o r a f o r r .  t o  remove 

any  e x c e s s  c h l o r a m p h e n i c o l ,  f i l t e r e d  and  c r i e d .  This pow\.i',er 

c o r r e s p o n d e d  t o  1:l chloromphenicol-0-CyD complex which h a s  

a m o l e c u l a r  we igh t  of 1458.1. 

I n f r a  Red i n v e s t i g a t i o n  f o r  t h e  c h l o r a m p h e n i c o l  G-CyD complex: 

The I.R. of t h e  l a s t  p r e p a r e d  complex  was measured  as a p o t a s s i u m  

bromide  d i s c .  For compar i son  t h e  I . R .  s p e c t r a  of a p h y s i c a l  

-- --____ 
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A B O U T A L E B ,  RAHMAN, AND I S M A I L  

190 230 270 310 350 390 
W av  el e n g t h 

Fig.(l): Ultraviolet spectra of chloramphenicol in absence and in 
presence of CyDs in different additives at 2 5 O C .  
Key: . Chloramphenicol in distilled water . 

_- - Chloramphenicol in 5% w/v P.E. G 4000 containing 

- Chloramphenicol in 5% w / v  propylene glycol 
0.09 moles of a-CyD. 

containing 0.09 moles of 8-CyD. 
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STUDIES OF CYCLODEXTRIN INCLUSION COMPLEXES. I 2265 

L.0 

3.6 

3.2 - 
1 
Y 

-0 
c 

X 

2.8 .- 
d 

2 

2 

- 
C 
al 

0 u 
0 
l J  
C 
Q, 
L 

2.4 - 
.- 

E e 
2 2.0 s u 

1.6 

1.2 

0 I I I 

0 1 2 3 4 5 6 7 8 9 . 10 
2 

Concentration of p-CyD x 10 ( M I  

Fig.(2j: Phase solubility diagrao of chloramphenicol 2-cyclodextrin 
in water. Zlyceriol P . E . C  4000 and propyleac elycol ac .2S3!.. 
D Fornation of chlc~.?~henicol-j-.:yciolc,:tri~. .$.)lid conples. 
0 Naxinum solubility of c-ryclodextrin 

Key: o0-Cyclodextrin alone i:i v a t r r  
0 B-cyclodextrin i n  5 ,  w l v  p l y c e r o l  
X P - C ~ D  in 5:: 1s/v P . E . ~ '  :JICO 
b b-CyD i n  5X v / v  pr\i;avii:ne g l y i , * ! .  
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2266 ABOUTALEB, RAHMAN, AND ISMAIL 

T i x t u r e  of ch laramphenicol -$-CyD,  1:1, was car r ied  o u t  u s i n g  

t h e  same F r o c e d u r e s .  The s c a n n i n g  i s  shown i n  F i g .  ( 4 ) .  

R e s u l t s  a n d  D i s c u s s i o n s  

F i g u r e  2 shows the  e q u i l i b r i u m  p h a s e  s o l u b i l i t y  d i a g r a m  

o b t a i n e d  for c h l o r a m p h e n i c o l  w i t h  B-CyD i n  w a t e r  and  i n  d i f f e r e n t  

a d d i t i v e s  u s e d  i n c l u d i n g  g l y c e r o l ,  P . E . G  4000 a n d  p r o p y l e n e  

g l y c o l  i n  5% w / v  c o n c e n t r a t i o n .  

The p l o t s ,  s p e c i a l l y  f o r  c h l o r a m p h e n i c o l  i n  8-CyD a l o n e ,  show 
( 1 , 2 5 , 2 7 , 2 9 ,  30 ,  3 1 , 3 2 )  with 

a t y p i c a l  Bs - type  s o l u b i l i t y  c u r v e ,  

p r e c i p i t a t i o n  of m i c r o c r y s t a l l i n e  complex  a t  h i a h e r  B-CyD 

c o n c e n t r a t i o n  ( 0 . 0 5  moles i n  R-cyD a 1 o r . e ) .  O b v i o u s l y ,  t h e  

f s r -  - '  LAO;! -' of f.he r t i i c r o c r y . ? t a l l i n c  solid coi:iplex c a u s e  a 

rnarked d e c r e a s e  oi c h l o r a r n p h e n i c o l  i n  s o l u t i o n  ( a n  arrow i n  

Pic .  (2) 1 ,  a f t e r  wh ich  a r e l a t i v e  i n c r e a s e  of c h l o r a m p h e n i c o l  

i n  s o l u t i o n  i n c r e a s e s ,  as B-CyD c o n c e n t r a t i o n s  i n c r e a s e s  

f u r t h e r .  The s t o c h i o r < e t r y  05 t h i s  complex was aralyzed and  

i t  was found  t h a t  i t  i s  ;:1 cornnl.ex, i n  a g r e e m e n t  w i t h  t h e  

l a s t  f i n d i n g s  
(1 2 , 1 4 , 1 7 , 2 7  -2 9 , 3  3 )  . 

T h e  a p p a r e n t  f o r m a t i o n  c o n s t a n t  ( K c )  for t h e  complex  \\'as 

d e t e r m i n e d  f rom t h e  i n i t i a l  s t r a i g h t  l i n e  p r o t i o n  of t h e  

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

. KC was f o u n d  t o  be 8 0 7 7  x l o 4  M - ~  equation ( 1 , 2 1 , 2 5 - 3 0 )  

T a b l e  1). 

complex f o r m a t i o n  c o n s t a n t s  i n  a q u e o u s  media ,  i n d i c a t i n g  

a p a r t i c u l a r l y  good fitness of t h e  c h l o r a m p h e n i c o l  m o l e c u l e  

w i t h  t h e  B-CyD c a v i t y . ( 3 0 )  . 
t h e  maximua s o l u b i l i t y  o f  B-CyD a l o n e  i n  d i s t i l l e d  w a t e r  i s  

0.01 moles .  

I t  i s  of i n t e r e s t  t o  n o t e  t h e  h i g h  v a l u e s  of t h e  

I t  i s  n o t i c e d  f rom F i g .  ( 2 )  t h a t  

The a i m  o f  for rnul .a t ing  B-CyD i n  5% w/v g l y c e r o l ,  P.E.G 4000 

a n d  p r o p h y l e n e  g l y c o l  is  t o  r e d u c e  t h e  c o n c e n t r a t i o n  of B-CyD 
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STUDIES QF C Y C L O D E X T R I N  I N I E L U S I O N  COMPLEXES. I 2267 

1 

Tab le  1 : Aoparcn! L:onplex fo r .na t ion  c o n s t a n t s  (K V a l u e s  ) 

f o r  chlorarnphenicol  (CHI  in u- and  ti-CyDS i n  
d i f f e r e n t  s o l v e n t s  a t  2 5 O C .  

---_____-_-_I_.__- -_ __-- 
Molar S o l u b i  1 i t y  Coef f i c  i e n t  

Complex S o l v e n t  R a t i o  KC KC’ o f  CH i n  of  

C H- 3 -C yD 

CII-B-CyD 

CH - I3 - C yD 

C H- 8 -C yD 

C 11 -a-C y3 

C R - a -  C yD 

CH-a-CyD 

C €1-a-CyD 

D-water 

5% g l y c e r o l  

5% P o  Z .C .4000 

5% Propy lene  
g l y c o l  

D wa t er 

5%g 1y cero 1 

5% P0E:.G4000 

5% propylene  
g l y c o l  

1: 1 

1: 1 

1: 1 

1:l 

1: 1 
1: 2 

1: 1 
1:2 

1: 1 

1: 1 
1: 2 

8077 

4860 

39883 

46221 

3017 

3004 

6557 

3365 

- 0.5  

0..37 

0. ,828 

0 ,,a48 

- 
- 
- 

0 , 2 7 2  
0.1C6 

957 

0.266 
1070 0.114 

- 0.442 

0.269 
:lo8 8 0.116 

0.98 

0.99 

0.98 

0.99 

1.0 
0.92 

0.99 
0.99 

0.97 

0.99 
0.94 

needed t o  a t t a i n  t h e  t h e r a p e u t i c  d o s e  of ch lo ramphen ico l  i n  

eye o r  e a r  d r o p s ,  a s  t h e  CyDs i s  e x p e n s i v e  econoinical1.y. 

F i g .  ( 2 )  and T a b l e  2 show t h e  effect of v a r y i n g  the 

c o c c c n t r a t i o n s  of B--Cy13 i r ,  5% w/v of t h e  d i f f e r e n t  a d d i t i v e s  

used . I t  was found t h a t  i n c o r p o r a t i n 9  8 - C y D  i n  5% w / v  glycerol 

d e c r e a s e s  t h e  ef f . ic iency o f  t h c  former toi iard ch lo ramphen ico l  

c o n p l e x a t i o n .  T k i z  !i:ay I J ~  attributcd tN3 the ccxnpc.t-it.ic7n o f  

J! 

cor . t a ins  r e l a t i v e l y  l o n g e r  hydrocarbon <chain (3Ci-1) t h u s  d e c r e a s e  

t l i c  q u a n t i t y  o!’ c h l . ~ r a i n p h e n i c o l  f i t t e d  to B-CyD c a v i t ) . .  
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2268 ABOUTALEB, RAHMAN, A N D  I S M A I L .  

( 2 3 )  
T a b l e  : : 2 r q m r i s o r  among t h e  e f f i c i e n c i e s  of s u r f a c t a n t s ,  

-;elutions i n  b r i n g i n g  .:yds and  , x i c r o m o l e c u l e s  ( 2 3 )  
0 

c h l o r a m p h e r i c o l  i n t o  s o l u t i o n  2 t  2 5  t 0.5 C. 

Solubiizer alcne Sol.ubility 
rq ~ X / g n  so lubi l izcr .  

- ---___---- 

P o l y s o r b a t e  20  -75.4 

P o l y s o r b a t e  49 8 1 . 6  

P o l y s o r b a t e  60  

P o l y s o r b a t e  8 0  

76.2 

87.5 

Eumulgin C l O O O  97 .7  

Eumulgin Cl500 82.5 

Myrj 52 63.4 

Myrj 53 54 .4  

Myrj 59 34.7 

Sodium lauryl s u l p h a t e  

C e t r  i m i d e  

135.0 

338.6 

P.E.G4000 13 .3  

P.E.G 600 8.0 

8-CyD 142.3  

CX-CyD 90.3 

L:llycerol also f a v o u r s  t h e  f o r l n a t i o n  of ch loraEpke”ico l -B-C>,D 

s o l i d .  complex  a t  l o w e r  c o n c e n t r a t i o n  of B-CyD (17.04 m o l e s ) ,  

a s  g l y c e r o l  compete  w i t h  c h l o r a m p h e n i c o l  i n  t h e  B-CyD c a v i t y ,  

i t  renders t h e  less  s o l u b i l i t y  o f  t h e  chloraF.pherica1-B-CyD 

c o n p l e x  h e n c e  i t s  f o r E d t i o n  a t  lower B-CyD c o n c e n t r a t i o n .  

G l y c e r o l  i n  t h e  u s e d  c o n c e n t r a t i o n  i n h i b i t  t h e  s o l u b i l i t y  of 

B-CyD a l o n e  i n  water f rom 0 . 1  m o l e s  i n  case o f  B-CyD a l o n e  

i n  water t o  0 . 0 3  moles  i n  case o f  g l y c e r o l .  T h i s  less sDlu- 
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STUDIES OF CYCLODEXTRIN INCLUSlON COMPLEXES. I 2269 

b i l i t y -  of R-CyD :nay bz a t t r i b u t e d  t o  t h e  i n c o r p o r a t i o n  of 

t h e  h y d r o c a r b o n  c h a i n  of g l y c e r o l  i n  B-CyD c a v i t y  r e n d e r i n g  

t h e  l a t t e r  more h y d r o p h o b i c ,  less w a t e r  s o l u b l e  ,. 

The I<, value f o r  c h l o r a r c p h e n i c o l  i n  B-CyD d e c r e a s e s  

i n  t h e  p r e s e n c e  of g l y c e r o l  S%w/v t o  n e a r l y  ha l f !  i t s  a b s e n c e ,  

T a b l e  2 .  A l s o  t h e  s o l u b i i i t y  of c h l o r a n p h e n i c o l  .r,ole/‘nole 

B-CyD d e c r e a s e s  r - e l a t  i i r e l y  i n  B-CyD c o n t a i n i n g  q l y c e r o l  t h a n  

i n  B-CyD a l o n e .  Comparing t h e  e f f e c t  of 5% w/v of b o t h  

P . E . G  4003 a n d  p r o p y l e n e  g l y c o l  on t h e  c o m p l e x a t i o n  of 

c h l o r a m p h e n i c o l  i.n B-CyD, F i g .  2 and  T a b l e  2 ,  it. i s  o b v i o u s  

that b o t h  of t h e  two a d d i t i v e s  c a u s e  marked i n c r e a s e  i n  

t h e  c o z c e n t r a  t io r i  o< c.h.lor3mphc-ni.co: cor7pl exed  i n  t h e  

dc;euous i jhds? coraparr.d t o  b-CyD a i o n e  ,,The :i v a l u e s  i ~ o r  

ch lo ra rnphen ico i  :.ti % C y D  c o n t a i n i n g  5 %  i:/v 2 r o p y l e n e  q l y c o l  

a n d  P . E . G  .;:!O(J are 46221 x 10 

respectivc.7-y.  ‘rhus the  Kc values i n c r e a s e s  6 and 5 ti.r,les 

i n  B-CyD c o n t a i n i n g  those t w o  a d d i t i v e s  t h a n  B-Cyi3 a l o n e .  

T h i s  may be  a t t r i b u t e a  t o  th;. e f f e c t  of t h e  g1yc:o.l g r o u p  

(CHCH) i n  s t r e . n g t h i n g  t h e  p h y s i c a l  i n t e r a c t i o n  (Hydrogen 

bond f o r m a t i o n )  kmetween c h l o r a n p h e r i c o l  and  8-CyD r e n d e r i n g  

t h e  c o n p i e x  f o r m a t i o n  !nore e a s i e r ,  l e a d i n g  t o  more s t a b l e  

com$exes and t h u s  h i g h e r  Kc v a l u e s .  T h i s  i d z a  of i n c o r p o r a t i n g  

s u c h  a d d i t i v e s  i s  v e r y  e x c e l l e n t  and c a n  b e  u t i l i z e d  

s u c c e s s f u l l y  i n  a t t a i n i n g  h i g h e r  c o n c e n t r a t i o n s  of: chloram- 

p h e n i c o l  i n  1ov:er B-CyD c o n c e n t r a t i o n  b:g i n c o r p o r a t i n g  such  

lower c o n c e n t r a t i o n  of p r o p y l e n e  g l y c o l  ar.d P .  E .G 4 0 0 0  

r e s p e c t i v e l y .  

4 ’  a n d  39883 x 10*$1-1 

The p r e s e n c e  of p r o p y l e n e  g l y c o l  and P . E . G .  4 C O O  i n  t h i s  

c o n c e n t r a t i o n  i n B-CyD promote t h e  solid complex f o r m a t i o n  

be tween c h l o r o m p h e n i c o l  and  B-CyD a t  lower c o n c e n t r a t i o n  

t h a n  i n  B-CyD a l o i e  r c s p e c t i v e l y .  A l s o  t h o s e  two a d d i t i v e s  
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2270  A B O U T A L E B ,  RAHMAN, AND I S M A I L  

r e n d e r  B-CyD a l o n e  t o  be less w a t e r  s o l u b l e  r e s p e c t i v e l y .  

F i g .  (31 and  T a b l e  ( 2 )  show t h e  e f f e c t  o f  a-CyD, a l o n e  and  

c o n t a i n i n g  t h e  a d d i t i v e s ,  o n  t h e  a q u e o u s  c o m p l e x a t i o n  of 

c h l o r a m p h e n j c o l .  I n  t h i s  case, t h e  s o l u b i l i t y  of ch loram-  

p h e n i c o l  i n c r e a s e s  l i n e a r l y  as  a f u n c t i o n  o f  a-CyD concen-  

t r a t i o n  and  t h e  s o l u b i l i t y  c u r v e  c a n  b e  c l a s s i f i e d  as AL 

t y p e ( 2 7 r 3 1 ) .  I n  t h i s  t y p e  o f  s o l u b i l i t y  c u r v e s  n o  s o l i d  

complexes  formed be tween t h e  g u e s t  and  t h e  h o s t .  (1’25’ 27’ 31) 

So no s o l i d  complex  formed a t  a l l  Le tween a-CyC and  ch loram-  

p h e n i c o l  i n  t h e  a-CyD s o l u b l e  r a n g e  ( 0 . 0 5  - 0 . 4  r o l e s ,  F i g .  ( 3 ) ) ,  

i n d i c a t i n g  t h a t  a smal le r  c a v i t y  s i z e  o f  a-CyD a p p a r e n t l y  

al’ows 1 i t t l e  p e n e t r a t i o n  of  c h l o r a T n h e n i c o 1  n o l e c u l e  . 

The s toc i : i ome t ry  of  t h e  complcx  formed be tween 

c h l o r a m p h e n i c o l  and  a-CyD i s  f o u n d  t o  b e  1:1(1‘25’27‘31) and  

1 : 2  ( g u e s t  : h o s t )  a s  t h e  s o l u b i l i t y  c u r v e s  f o r  c h l o r a m p h e n i c o l ,  
(I ,25,25,31)  

show two s l o p e s  i n  e a c h  case. Thus K c  a s  s e e n  i n  F i g .  (21 ,  

and  Kc’for 1:l I n d  

s l o p e s  r e s p e c t i v e l y .  

a-CyD c o n c e n t r a t i o n s  

:2 complexes  a re  c a l c u l a t e d  f rom t h e  

T h i s  seems t o  be l o g i c ,  as  a t  h i g h e r  

t h e  m o l e c u l e s  become crowdeded,  and  e a c h  

c h l o r a m p h e n i c o l  m o l e c u l e  c a n  i n t e r a c t  wi th  two smaller  

c a v i t e d  u-CyD m o l e c u l e s  ( 2 7 ’ 3 1 ) .  I t  w a s  n o t i c e d ,  i n  a l l  

c a s e s ,  t h a t  K c  f o r  c h l o r a r n p h e n i c o l  i n  a-CyD i s  a l w a y s  

s m a l l e r  t h a n  K c  i n  e a c h  case. 

/ 

T h i s  may be a t t r i b u t e d  t o  t h e  s t r o n g l y  bound c h l o r a -  

mphen ico l  m o l e c u l e  t o  o n e  a-CyD c a v i t y  i n  sma l l e r  a-CyD 

c o n c e n t r a t i o n  r e s u l t i n g  i n  h i g h e r  K c  v a l u e  compared t o  

t h e  loosly bound c h l o r a m p h e n i c o l  m o l e c u l e  be tween t w o  

c a v i t i e s  of a-CyD i n  h i g h e r  c o n c e n t r a t i o n  r e s u l t i n g  i n  

s m a l l e r  K /  v a l u e  r e s p e c t i v e l y .  

Comparing t h e  complexing e f f i c i e n c y  of a-CyD a n d  6-CyD, 

a l o n e  or i n  p r e s e n c e  of  t h e  a d d i t i . i . e s ,  i t  i s  c l e a r  t h a t  
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L - - U  
0 5 10 15 29 25 3 0 35 LO 

0 - '  

2 
C o n c e n t r a t i o n  of cc-cy13 x 10 ( M I  
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( F i g .  ( 2 ) .  F i g .  ( 3 )  and Tab le  2 ) ,  3 - C y C  i s  always more 

e f f e c t i v e  t h a n  a - C y D  i n  b r i n g i n g  chloramphenicO1 i n t o  

s o l u t i o n  . T h i s  i s  e v i d e n t  s i n c e  R-CyD has  wider  c a v i t y  

!6 .4-2) t : .an L - C ~ D  (5.2 8 ) .  F u r t h e r v o r s ,  t h e  diraensior,  

c7f chiord:,iphc!:icol :; ‘2y f i t  : . X 3 C t l y  t .0 t h e  .;- ;y.D cavit.)’ 

tl:*.t? a-Cyl) one. T h u s  t h e  )aref i t  formatioi:  s o ~ s t a n ’ i  f o r  

chl‘3rarnp!-ienic;.l i r i  ;i .-CyD a i  one is :;c:i,:-l>~ 3. ?7 ::f t h a t  

be longs  t o  3-Cy-D a l o n e .  T h e  Tame is more or It- 

t h e  presence o f  a i f f e r e r . t  d : ’ d i t i v e s  in t h e  two CyDs ir- .v?s- 

,-iqated. 

The e f f e c t  o f  a d d i t i v e s  s t u d i e d  i n c l u d i n g  g l y c e r o l ,  

2 . E . G  4300 and prop:rlenr g l ) - c ~ l  i n  5 1  w,/v  c a n c e n t r a t i o n  on 

t!ie aqueous complexa t ion  of ch lo ramphen ico l  i n  a-CyD i s  

shown i n  F i g .  ( 3 )  and T a b l e  1. Those a d d i t i v e s  do n o t  change 

t h e  p i c t u r e  of c h l o r a m p h e n i c o l  complexa t ion  i n  a - C y D  i . e . ,  

A t y p e  s o l u b i l i t y  c u r v e ,  b u t  t h e y  g e n e r a l l y  i r , h i b i t  a-CYD 

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

g l y c e r o l  d e c r e a s e s  t h e  e f f i c i e n c y  of a-CyD t o  b r i n g  c h l o r a -  

mphenicol t o  s o l u t i o n  ( t h e  same f i n d i n g  was o b s e r v e d  w i t h  

3 - C y D ) .  

3917 x l o 4  M-’ t o  3004 x l o 4  i n  t h e  p r e s e n c e  o f  g l y c e r o l .  On 

t h e  c o n t r a r y  P . E . G  4009 and p r o p y l e n e  g l y c o l  i n c r e a s e  t h e  

Apparent  f o r m a t i o n  c o n s t a n t s ,  K c  of ch lo ramphen ico l  i n  

a-CyD t o  6557 x l o 4  M-’ and 3 3 6 5  x lo4 M - l  r e s p e c t i v e l y .  

Thus, on these basis w e  can reduce t h e  c o n c e n t s a t i o n  of 

a-CyD needed t o  b r i n g  t h e  t h e r a p e u t i c  dose o f  chloram- 

p h e n i c o l  i n t o  s o l u t i o n  by i n c o r p o r a t i n g  t h o s e  two a d d i t i v e s .  

Tke o n l y  problem i s  t h a t  P .E .G  4000 i n  t h i s  c o n c e n t r a t i o n  

a l t h o u g h  it rises t h e  e f f e c i e n c y  of  a-CyD it r e n d e r  t h e  

i n s o l u b i l i t y  of a-CyD i t s e l f  beyond 0.05 moles,  a s  i t  

f o r m  a w h i t e  p a s t e ,  qel1.v l i k e ,  after t h a t .  

12 

Thus t h e  K c  f o r  ch lo ramphen ico l  d e c r e a s e s  from 
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W a v  e n u m  ber  

F i g . ' ' , ) :  The I.K. ;ptctri o t  c h l o  
a n d  p1iysii:;l ~i .:ti.ire 

-LyL!. -- 

'The same e x p a i n a t i o n  i r ,  case of .?-CyI) i s  \-slid for 

t h e  effect of t?:osc a d d i t i v e s  on  chloramphcni 137. ~ ~ C I I -  

p l e s a t i n r i  in ra:;c 3 1 :  a-zyi]. 

The s o l u b i l i - t y  of c h l o r a m p h e n i c o i  i n  mol~.?.~: p e r  11101~2 

of t h i .  s t u d i e d  Cy'J a l o n e ,  a n d  c o n t a i n i n g  the . 
i s  calculated, Table 2 .  They are ir. a c c o r d a n c e  w!~th t:hr: 

determined Kc and Kc values .  
I 
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2274  ABOUTALEB, RAHMAN, AND I S M A I L  

Td)le 3 : Coqmrison among thc efficiencies of surfactants 
and CyDs Solutions Containing certain additives 
in bringing chloramphericol into solution at 
2 5  2 0.T;Oc. 

Solubilizer containing the Solubility 
addiitve nq CWgm solubilizer 

P o l y s o r b a t e  20 in 5% w/v propylene  g l y c o l  

P o l y s o r b a t e  80  i n  5% w/v propylene  g l y c o l  

Eumulgin C L O O O  i n  5% w/v propylene  g l y c o l  

EurnJlgin C1500 i n  5% w/v propylene  g l y c o l  

Myrj 52 in 5% wt'v propy lene  g l y c o l  

Myrj 59 in 5% w/v propylene  g l y c o l  

B-CyD i n  52 w/v g l y c e r o l  

B-CyD i n  5% w/v P.E.G 4000 

B - c ~ D  in 5% w/v propy lene  g l y c o l  

a-CyD in 5: w/v g l y c e r o l  

a-CyD i n  5% w/v P.E.G 4000 

a-CyD in 5% w/v propy lene  g l y c o l  

61.3 

86.8 

108 - 8  

90.4 

68 - 5  

40.9 

105.3 

235.7 

241 - 4  

88.3 

146.8 

96.0 

- ---- 

Fig. ( 4 )  investigate the I.R. spectrum of the chloramphenicol 

3-CyD complex , 1:1, and a physical mixture 1:l of ch lo ra -  

mphenicol : d-CyD. Since chloramphenicol and j-CyD exhibit 

intramolecular hydrogen bonding, no s h i f t  takes place for the 

carbonyl group in the complex formation by the formation of 

intermolecular hydrogen bond. The only difference which can 

anticipate intermolecular hydrogen bond formation between 

0-CyD and chloramphenicol is the increase in the intensity 

of hydrogen bond absorption in the complex than in the 

physical mixture in the range of 3400 cm-l. This increase in 

the intensity of the hydrogen bond formed in the complex than 
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STUDIES OF CYCLODEXTRIN INCLUSION COMPLEXES. I 2275  

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

hydrogen  bond formed be tween c h l o r a m p h e n i c o l  a n d  0-CyD i s  

s t r o n g e r  t h a n  t h e  i n t r a m o l e c u l a r  hydrogen  bond t a k e s  p l a c e  

i n  e a c h  m o l e c u l e  a l o n e .  

Table  2 and T a b l e  3 i n c l u d e  a compar i son  be tween t h e  

e f f i c i e n c y  of t h e  s u r f a c t a n t  s o l u t i o n s ,  a l o n e  o r  comb:tned 

w i t h ce r t a i  n a d d i  t i v e s  t owa rd  ch 1 or amp11 en  i co 1. s 83 1 ub i 3. i z a t i 0:- 

anti t h e  s t u d i e d  C'yD s o l u t i o n s  i r ,  t h i s  ' r e s p e c t .  S o d i u r  1 a u r l . l  

s u l p h a t e  and  c e t r i m i d e  a r e  i n v c s t i y a t e d  o n l y  f o r  :ompar ison ,  

( 2 3 )  

s i rc t  t h e y  a r e  t i emoly t i c  : r,:I t o x i c ,  and  cai!r,ot kme us?& 

c?xcept e x t e r n a l 1 . y .  F r o m  t h e  t ab les  i t  i s  e v i d e n t  t h e t  smor!cj  

a l l  t h e  s o l u t i o n s  i n v e s t i g a t e d  t o  s o l u b i l i z e  ch:lorarnplier,icol 

H-CyD i n  5% w/'v : ? ropy lene  g l y c o l  i s  t h e  most e f f i c i e n - t  i n  

t h i s  a s p e c t  f o l l o w e d  by  6-CyD i n  5 %  w/v P.E.G W G 9 .  

I n  f a c t  t h e  ;?-CyD a l s o  h a s  t h e  advzntage.;  of bclrig 

n a t u r a l l y  p roduced ,  e a s i l y  t o l e r a t e d  i n  t h e  body and  Less 

i r r i t a n t  t h a n  t h e  n o n - i o n i c  s u r f a c t a n t  s o l u t i o n s .  F u r t h e r  

s t u d y  on t h e  s t a b i l i t y  a s  w e l l  a s  a v a i l a b i l i t y  of c h l o r a -  

mphenicol  from t h e s e  s o l u b i l i z e d  s y s t e m s  w i l l  bt, i n v e s t i g a t e d .  
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