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ABSTRACT 

The i n t e r a c t i o n  of be tacyc lodext r in  wi th  ampic i l l i n ,  

m e t h i c i l l i n  and phenytoin has  been inves t iga t ed .  A l l  t h r e e  drugs ,  

( i n  t h e  unionized form) i n t e r a c t  s t r o n g l y  wi th  be tacyc lodext r in .  

I t  is suggested t h a t  t he  i n t e r a c t i o n  of a l l  t h ree  drugs wi th  

be tacyc lodext r in  could perhaps be exp lo i t ed  t o  pharmaceut ical  ad- 

vantage. For ampici l l in  i t  i s  poss ib l e  t h a t  the  complex may have 

a n  improved b i o a v a i l a b i l i t y  and a reduct ion  i n  t h e  inc idence  of 

g a s t r o - i n t e s t i n a l  s i d e  e f f e c t s  i n  comparision w i t h  t h e  uncomplexed 

drug. For m e t h i c i l l i n  the  s i g n i f i c a n t  ex tens ion  of  t he  h y d r o l y t i c  

ha l f  l i f e  f o r  t he  complex makes the  o r a l  rou te  a p o s s i b i l i t y  f o r  

t h i s  drug, which i s  normally given in t ravenous ly  because of sta- 

b i l i t y  problems. The i n t e r a c t i o n  of phenptolin wi tli betncyclodcxt r in  

produces a complex wi th  a s u b s t a n t i a l l y  enhanced s o l u b i l i t y  l i k e l y  

t o  g ive  g r e a t l y  improved b i o a v a i l a b i l i t y  and a reduct ion  i n  i n t r a  

and i n t e r  s u b j e c t  blood l e v e l  v a r i a t i o n .  
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INTRODUCTION 

HSYU ET AL. 

Cyclodext r ins  were f i r s t  i s o l a t e d  by Vi l l ie rs  a s  d e g r a d a t i o n  

p r o d u c t s  of s t a r c h  (1). They are composed of a l p h a  (1-4) l i n k -  

age  c y c l i c  o l i g o s a c c h a r i d e s  c o n t a i n i n g  s i x  t o  twelve g l u c o s e  

u n i t s  p e r  r i n g .  The main f r a c t i o n s ,  normally d e s i g n a t e d  alpha- ,  

be ta - ,  and gamma-, c o n t a i n  s i x ,  seven,  and e i g h t  g lucose  u n i t s .  

Betacyc lodext r in  has  a i n t e r n a l  c a v i t y  w i t h  a d iameter  o f  

about  6.2 Ao (1). 

is c h a r a c t e r i z e d  by an i m p r e s s i v e l y  high d e g r e e  of s a f e t y  ( 2 ) .  

A number of  u s e f u l  papers  have been publ i shed  on t h e  i n t e r a c t i o n  

of  b e t a c y c l o d e x t r i n  and a v a r i e t y  of drugs  (3-7) .  

T o x i c i t y  s t u d i e s  have shown t h a t  t h e  compound 

The p r e s e n t  paper  r e p o r t s  s t u d i e s  of t h e  i n t e r a c t i o n  of 

b e t a c y c l o d e x t r i n  w i t h  t h r e e  drugs:  a m p i c i l l i n ,  m e t h i c i l l i n  and 

phenytoin.  A m p i c i l l i n  i s  a very  wide ly  used a n t i b i o t i c .  However, 

it is incomple te ly  absorbed and t h e  r e s i d u e  of  non-absorbed drug 

w i t h i n  t h e  lower p a r t  o f  t h e  g a s t r n - i n t e s t i n a l  t r a c t  can a l ter  

t h e  composi t ion of  g a s t r o - i n t e s t i n a l  f l o r a  and fauna  which can 

l e a d  t o  d i a r r h e a .  M e t h i c i l l i n  i s  a l s o  a u s e f u l  a n t i b i o t i c .  How- 

ever, i t s  l i a b i l i t y  t o  r a p i d  h y d r o l y s i s  i n  t h e  g a s t r o - i n t e s t i n a l  

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

o r a l  r o u t e .  Phenytoin i s  a powerful  a n t i e p i l e p t i c  drug  which, 

u n f o r t u n a t e l y ,  i s  c h a r a c t e r i z e d  by e r r a t i c  and incomplete  absorb-  

t i o n .  Data p r e s e n t e d  i n  t h i s  paper  s u g g e s t s  t h a t  t h e  i n t e r a c t i o n  

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

which t h e  problems d e s c r i b e d  above are reduced o r  even e l i m i -  

na ted .  

EXPERIMENTAL 

Ampic i l l in  and m e t h i c i l l i n  w e r e  assayed  u s i n g  t h e  method 

---_ 

descr ibed  by F i n h o l t  (8). Phenytoin c o n c e n t r a t i o n s  were d e t e r -  

mined by u l t r a - v i o l e t  spec t roscopy a t  207 nm. The Beer-Lambert 

Law w a s  obeyed and E1% 

i n t e r a c t i o n  between b e t a - c y c l o d e x t r i n  and t h e  t h r e e  drugs  was 

i n v e s t i g a t e d  u s i n g  t h e  s o l u b i l i t y  method (9,  l o ) .  

a t  207 nm w a s  found to  be 27.5. The lcm 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



10 

z 
-1 -1 - - v 5  
a 
E 4 

U 0 

= = E  o r  
h 

7 4  
S E  
t- 
L w 
V z 
0 V 

2 

1 

1 2 3 

TIME (HOURS) X 

Figure 1 

Hydrolysis of ampicillin with (upper curve) and 

without (lower curve) betacyclodextrin, pH 1.0 

and 25Oc 
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Figure 2 

Hydrolysis of ampicillin with (upper curve) and 

without (lower curve) betacyclodextrin at pH 1.0 

and 37Oc 
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1 2 3 4 

TIME (HOURS) X 

F i g u r e  3 

Hydrolys is  of a m p i c i l l i n  w i t h  ( u p p e r  c u r v e )  and 

wi thout  ( lower  c u r v e )  b e t a c y c l o d e x t r i n  a t  pH 4 . 0  

and 37Oc 
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F i g u r e  4 

Hydro lys i s  of a m p i c i l l i n  w i t h  (uppe r  cu rve )  and 

wi thou t  (lower c u r v e )  b e t a c y c l o d e x t r i n  a t  pH 2 . 0  

and 25Oc 
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STUDIES OF INTERACTION 605 

6 8 12 

TIME (MINUTES) X 10-1 

Figure 5 

Hydrolysis of methicillin with (upper curve) and 

without (lower curve) betacyclodextrin at pH 2.0 

and 37Oc 

RESULTS AND DISCUSSION 

F i g ' s  1, 2,  and 3 show the  e f f e c t  of be ta -cyc lodext r in  on the  

hydro lys is  of a m p i c i l l i n .  F ig ' s  4 ,  5, and 6 show similar d a t a  f o r  

m e t h i c i l l i n .  Data p e r t i n e n t  t o  the  i n t e r a c t i o n  of phenytoin wi th  

beta-cyclodextr in  i s  shown i n  F ig ' s  7 t h r u  10. T a b l e s  I and I1 

record some thermodynamic d a t a  f o r  t h e  i n t e r a c t i o n  between phen- 

y t o i n  and beta-cyclodextr in .  

The r e s u l t s  repor ted  i n  t h i s  pre l iminary  paper  c l e a r l y  ind i -  

cate t h a t  a l l  t h r e e  drugs i n t e r a c t  q u i t e  s t rong ly  wi th  beta-cycln 

dex t r in s .  Obviously, there  is, as discussed i n  t h e  In t roduc t ion ,  
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TlElE (NINUTES) X 10-1 

F i g u r e  6 

Hydro lys i s  of m e t h i c i l l i n  w i t h  (uppe r  c u r v e )  and 

wi thou t  ( lower  c u r v e )  b e t a c y c l o d e x t r i n  a t  p H  4.0 

and 37Oc 

TABLE I 

Association constants of phenytoin-betacyclodextrin at 25" 

pH 6.0 7.0 8.0 9.0 10.0 

K(M) 854 830 661 231 104 
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5 15 

CONCENTRATION OF BETACYCLODEXTRIN ( ~ 1 0 3 ~ )  

F i g u r e  7 

S o l u b i l i t y  o f  pheny to in  a t  25Oc as a f u n c t i o n  of 

b e t a c y c l o d e x t r i n  c o n c e n t r a t i o n  ( t o p  c u r v e  pH 8 ,  midd le  

c u r v e  pH 7 . 0 ,  bot tom c u r v e  pII 6 - 0 )  

cons iderable  pharmaceutical  p o t e n t i a l  t o  a l l  t h r e e  i n t e r a c t i o n s .  

The au tho r s  are p resen t ly  completing an i n v e s t i g a t i o n  of t h e  

f e a s i b i l i t y  of prepar ing  commercially accep tab le  compressed tab- 

l e t s ,  intra-muscular i n j e c t i o n s  and l i q u i d  o r a l  products  contain-  

ing  a l l  t h r e e  drugs and beta-cyclodextr in .  

publ ished s h o r t l y .  

Results w i l l  be 
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5 15 

CONCENTRATION OF BETACYCLODEXTRIN (X10&) 

Figure 8 

S o l u b i l i t y  of phenytoin a t  25Oc as a func t ion  of 

be tacyc lodext r in  concent ra t ion  (upper  curve pH 10 .0 ,  

lower curve pH 9.0)  
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L L  0 

0 5 10 15 
~ONCEHTRATION OF EETACYCLODEXTRIN ( ~ 1 0 3 ~ )  

F i g u r e  9 

S o l u b i l i t y  of phenyto in  a t  pH 6 - 0  as a f u n c t i o n  of 

b e t a c y c l o d e x t r i n  c o n c e n t r a t i o n  ( t o p  cu rve  40Oc, middle  

cu rve  25Oc, bottom cu rve  10°c) 

TABLE I1 

Association constants and free enerpy of phenytoin-betacyclodextrin 
at pH 6.0 

Temp.(OC) 10.0 17.5 25.0 32.5 40.0 47.5 

- 
K(mo1ar) 1000 936 854 719 SO 7 453 

(Kcal/mole) -3.89 -3.95 -4.00 -3.99 -3.87 -3.90 
d A G  

(Kjoule/mole) 
-16.3 -16.5 -16.7 -16.7 46.1 -16.3 
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S o l u b i  

5 10 15 

CONCENTRATIOk OF EETACYCLODEXTRIR (X103Fl) 

F i g u r e  10 

of p h e n y t o i n  a t  pH 6.0 as a f u n c t i o n  of 

b e t a c y c l o d e x t r i n  c o n c e n t r a t i o n  ( t o p  c u r v e  47*5Oc,  

midd le  c u r v e  32 - 5 O c ,  bo t tom c u r v e  17.5Oc) 

G 1 LN K 

7 I 
1 

3,2 3,6 

UT (0~x103) 

F i g u r e  11 

Van; H o f f  p l o t  for t h e  complexa t ion  of p h e n y t o i n  

and  b e t  acy c l o d e x t  r i n  
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