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ABSTRACT 

Combinat ion p r e p a r a t i o n s  of  be t ame thasone  and 

p h e n y l e p h r i n e  h y d r o c h l o r i d e  were p r e p a r e d  i n  t h e  

form o f  o p h t h a l m i c  g e l s  based  on p o l y e t h y l e n e  

g l y c o l s ,  PEG, a c a r b o x y v i n y l  polymer (carborner 

9 3 4 ) o r  m e t h y l c e l l u l o s e .  The i n t r a o c u l a r  p r e s s u r e ,  

I O P ,  was f o l l o w e d  a f t e r  t h e  a p p l i c a t i o n  of  t h e s e  

g e l s  t o  t h e  r a b b i t  e y e .  T h r e e  p a r a m e t e r s  have  

been u t i l i z e d  t o  assess t h e  pe r fo rmance  of  com- 

b i n a t i o n  p r e p a r a t i o n s  o f  t h e  two d r u g s .  These  a r e  

t h e  a r e a  unde r  t h e  c u r v e ,  A U C ,  t h e  maximum r e s p o n s e ,  

M R ,  and t h e  d u r a t i o n  o f  s i d e  e f f e c t  ( i n c r e a s e d  t h e  

I O P ) .  I t  was found t h a t  t h e  i n c l u s i o n  of  pheny l -  

e p h r i n e  h y d r o c h l o r i d e  i n  t h e  g e l  r e d u c e s ,  t o  
marked e x t e n t ,  v i z .  80-90%, t h e  AUC compared t o  

t h e  c o r r e s p o n d i n g  g e l  d e v o i d  o f  p h e n y l e p h r i n e  

h y d r o c h l o r i d e ,  and t h a t  ,- 6 0 %  r e d u c t i o n  i n  t h e  

d u r a t i o n  o f  be t ame thasone  s i d e  e f f e c t  w i t h  r e g a r d  

t o  t h e  I O P .  The most  e f f e c t i v e  g e l  s y s t e m  a p p e a r e d  

t o  be m e t h y l c e l l u l o s e  b a s e d  g e l .  

Copyright @ 1989 by Marcel Dekker, Inc. 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



3 04 

INTRODUCTION 

KASSEM ET AL.  

A r i s e  i n  t h e  o c u l a r  t e n s i o n  i s  marked w i t h  the 

a n t i i n f  lainmatory d r u g  be tame thasone .  d -Sympathomimetic 

d r u g  ( s u c h  a s  p h e n y l e p h r i n e  h y d r o c h l o r i d e  was used t o  

l o w e r  t h e  i n t r a o c u l a r  p r e s s u r e  ( IOP) ( 2 , 3 )  

A s t u d y ' " )  a t t r i b u t e d  t h e  i n c r e a s e d  r e s p o n s e  t o  

honiatropirie i n  p r c s e n c c  of  n i e t h y l c e l l u l o s e  ,l%, t o  t h e  

i r i c r cased  c o n t a c t  time w i t h  the e y e  i m p l i e d  by t h e  v i s c o u s  

n a t u r e  of the  v c h i c l c .  

came t o  a g e n e r a l  c o n c l u s i o n  t h a t  (5) "1,nothcr s t u d y  

w i t h  bo th  m c t l i y l c e l l u l o s e  and P'JA,  t h e  optimum v i s c o s i t y  

of  t h c  s o l u t i o n  would b e  i n  t r a n q e  of 1 2 - 1 5  cp. F u r t h e r  

i n c r e a s e  i n  v i s c o s i t y  above  t i i s  l e v e l  d i d  n o t  a p p e a r  t o  

give p r o p o r t i o n a l  i n c r e a s e  i n  d r u g  l e v e l s .  I t  was a l s o  

proved ( 6 f 7 )  t h a t  t h e  a d d i t i o n  of s u i t a b l e  polymers  t o  

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

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

O the r  a u t h o r s  (8) d e m o n s t r a t c d ,  i n  t h e  e y e  of r a b b i t ,  

t h a t  a d r e n a l i n e  b i t a r t r a t e  produced  g r e a t e r  i n y d r i a s i s  and 

l o w e r i n g  of I O P  i n  a h y d r o g e l  b a s e  ( c a r b o p o l  934  o r  

poloxamer 407) when compared t o  a s i m i l a r l y  dosed  s i m p l e  

aqueous  s o l u t i o n s  of t h e  d r u g .  

The aim of t h i s  work was t o  comple t e  the  study conceminq 

t h e  e f f e c t  of v i s c o l i z e r s  on t h e  a c t i o n  of p h e n y l e p h r i n e  
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VISCOSITY OF OPHTHALMIC PREPARATIONS. I1 305 

h y d r o c h l o r i d e  on  c o u n t e r a c t i n g  t h e  s i d e  e f f e c t  of beta- 

m e t h a s o n e  ( e l e v a t i o n  i n  t h e  I O P ) .  T h i s  p a r t  d e a l t  w i t h  

t h e  e f f e c t  of t h e  g e l  s t a t e .  The g e l s  were b a s e d  on 

m e t h y l c e l l u l o s e ,  MC, c a r b o x y v i n y l  po lymer  (carbomer 9 3 4 )  

a n d  p o l y e t h y l e n e  g l y c o l  (PEG I a n d  P E G  11) M e a s u r e m e n t s  

of v i s c o s i t y  of  t h e  p r e p a r a t i o n s  a n d  IOP of t h e  r a b b i t ' s  

eye  were c a r r i e d  o u t .  G e n e r a l  d i s c u s s i o n  of t h e  i n f l u e n c e  

o f  v i s c o l i z e r s  o n  t h e  c o u n t e r  e f f e c t  of p h e n y l e p h r i n e  

h y d r o c h l o r i d e  i n  b o t h  s o l u t i o n s  arid g e l s  was c a r r i e d  o u t .  

EXPERIMENTAL 

Ma ter  ia 1 s 

B e t a m e t h a s o n e  ( S c h e r i n q )  , p h e n y l e p h t i n e  h y d r o c h l o r i d e  

( S i e g f r i e d ) ,  c a r b o x y v i n y l  po lymer  ( c a r b o m e r ,  9 3 4 ,  B.F. 

G o o d r i c h  C h e m i c a l  C o .  1 , m e t h y l c e l l u l o s e  450 ( U D H ) ,  polye 

t h y l e n e  g l y c o l s  300,  400,  600 ,  1509 , 2000 a n d  4000.  All 

of p h a r m a c e u t i c a l  g r a d e .  

Methods 

P r e p a r a t i o n  of  o p h t h a l m i c  g e l s ,  measu remen t  o f  I O P ,  

i n v e s t i g a t i o n  of r h e o l o g y :  a l l  were c a r r i e d  o u t  a s  

p r e v i o u s l y  d e s c r i b e d  . (9) 

The  g e l s  were b a s e d  o n  5 %  w/v m e t h y l c e l l u l o s e ,  MC, 

2 %  w/v carbomer 9 3 4  a n d  p o l y e t h y l e n e  y l y c o l s  ( P E G 1  a n d  

PEG 11). 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



KASSEM ET A L .  306 

The c o m p o s i t i o n  of  PEG I was : PEG 3 0 0 ,  P E G  1 5 0 0  and 

i sb tonic  phospha te  b u f f e r  i n  t h e  r a t i o  9:9:2. 

The c o m p o s i t i o n  of PEG I1 was : PEG 4 0 0  ( 5 ’ 2 ) l l x  , 

PEG 6 0 0  (18.54%) , PEG 1500 (9%) I PEG 2000(6.65%) and 

PEG 4 0 0 0  ( 3 . 6 9 % )  

was 0.05% w/w w h i l c  t h a t  of p h c n y l e p h r i n e  h y d r o c h l o r i d e  

was 2 . 5 %  w / w .  

. The c o n c e n t r a t i o n  of be tame thasone  (10) 

RESULTS ~- 

Three  p a r a m e t e r s  have been u t i l i z e d  t o  a s s e s s  t h t ’  

per formance  o f  combina t ion  p r e p a r a t i o n s  of be t ame thasone  

and p h e n y l e p h r i n c  h y d r o c h l o r i d e .  These a r c  AUC, MR and 

d u r a t i o n  of s i d e  e f f e c t ,  D A  . The above  mentioned 

p a r a m e t e r s  a r c  those - found  i n  t h e  l i g h t  of  t h e  fo regowiny  

i n v e s t i g a t i o n s  most i n d i c a t i v e  of d r u g  e f f e c t  for t h e  

i n d i v i d u a l  drug. The combina t ion  p r e p a r a t i o n s  c o n t a i n e d  

t h e  two d r u g s  i n  t h e  same c o n c e n t r a t i o n s  a s  t h o s e  

used  f o r  t h e  i n d i v i d u a l  d r u g s .  

Combinat ion p r e p a r a t i o n s  of be t ame thasone  and pheny l -  

e p h r i n e  h y d r o c h l o r i d e  were p r e p a r e d  i n  t h e  form of  

oph tha lmic  g e l s  based  on  P E G ,  a c a r b o x y v i n y l  polymer 

(Carbomer 9 3 4 )  or m e t h y l c e l l u l o s e .  

The i n t r a o c u l a r  p r e s s u r e  was f o l l o w e d  a f t e r  t h e  

a p p l i c a t i o n  of t h e s e  g e l s  t o  t h e  r a b b i t  e y e .  The tirne- 

c o u r s e  of  t h e  I O P  i s  p r e s e n t e d  i n  f i g u r e  (1) 
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VISCOSITY OF OPHTHALMIC PREPARATIONS. I1 30 7 

C o n t r o l  

M e t h y l c e l l ~ ~ l o s e  
Gel  20 

1 

16 
30 

2 0  

-t- 
v 

- 22 

20 

C a r b o m e r  Gel 

P E G  1 Gel 

i a L  
r 

P E G  I1 Gel 

L 1 

0 1 2 3 4 5 6  
T i m e ( h  ) 

Fig. ( 1 ) :  Intraocular Pressure (in mmHg) Post-Installation 

of Ophthalmic Gels of Betamethasone and Phenyl- 

ephrine Hydrochloride. 
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308 KASSEM ET AL. 

I t  is o b v i o u s  t h a t  a l l  g e l s  i n v e s t i g a t e d  i n f l u e n c e ,  

t o  a g r e a t  e x t e n t ,  t h e  I O P  time p r o f i l e .  

AUC - 

F i g u r e  ( 2 )  and t a b l e  (1) p r e s e n t  t h e  a r e a  under  t h e  

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

of t h a t  f o r  t h e  c o r r e s p o n d i n g  g e l s  c o n t a i n i n g  be ta rne thasone  

o n l y .  

I t  i s  o b v i o u s  t h a t  t h e  i n c l u s i o n  of p h e n y l e p h r i n e  

h y d r o c h l o r i d e  i n  t h e  g e l  r e d u c e s ,  t o  a marked e x t e n t ,  v i z .  

80  - 90%, t h e  A U C  compared t o  t h e  c o r r e s p o n d i n g  g e l  

devo id  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e .  The A U C  p a r a m e t e r  

i s  a l m o s t  i n d e p e n d e n t  on t h e  v i s c o s i t y  of t h e  o p h t h a l m i c  

g e l  o v e r  a v e r y  wide r a n g e  e x t e n d i n g  from -10 - 180 P 

(D 2 0 sec . ) .  
-1 

S t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  ( t a b l e  2) r e v e a l s  

t h a t  t h e  d i f f e r e n c e s  between g e l s  c o n t a i n i n g  t h e  two d r u g s  

and  t h e  c o r r e s p o n d i n g  o n e s  c o n t a i n i n g  o n l y  be ta rne thasone  

a re  v e r y  h i g h l y  s i g n i f i c a n t .  

D i f f e r e n c e s  between t h e  g e l s  c o n t a i n i n g  t h e  two d r u g s  

are found t o  b e  s t a t i s t t i c a l l y  i n s i g n i f i c a n t  e x c e p t  € o r  

m e t h y l c e l l u l o s e  and p o l y e t h y l e n e  g l y c o l  g e l s .  

Duration o f  Side E f f e c t  . 
F i g u r e  ( 2 )  d e m o n s t r a t e s  t h e  d u r a t i o n  of  b e t a m e t h a s o n e  

s i d e  e f f e c t  for t h e  g e l s  C o n t a i n i n g  t h e  two d r u g s ,  e x p r e s s e d  

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



VISCOSITY OF OPHTHALMIC PREPARATIONS. I1 

I201 Auc 1 
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Basic  V i s c o s i t y  ( p )  
0 

F i g .  ( 2 ) :  I n f l u e n c e  o f  V i s c o s i t y  of O p h t h a l m i c  Gels 

on t h e  C o u n t e r  E f f e c t  o f  P h e n y l e p h r i n e  HCL 

w i t h  R e g a r d  t o  t h e  R e l a t i v e  % o f  A U C ,  D A ,  

and  MR. 
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310 KASSEM ET AL. 

TablL? ( 1 ) : C o r r c l a t i o r i  of ALJC, DA a n d  MR t o  t h t  

V i s c o s i t  y of O p h t l i ~ l i i i i ~  Ccls of  Beta- 

1 1  ie t h d  5 on 2 cl n d Phen y 1 c p h r i n  e f-l y d r  o c h 1 o L- i dc . 

Y * w 
3 . l b )  33.00 (3.65) 23.08 (7.45) 

r j .  'bl ) !&.HI) (8.92) 83.01 (6.39) 

6.18) 42.00 (7.56) 82.43 (17.L) 
5.43) 44.33 ( 6 . 3 6 )  74.62 (12.9) 

i n  p e r c e n t  of t h e  d u r a t i o n  of s ide  e f f ec t  €or t h e  corres- 

p o n d i n g  g e l  c o n t a i n i n g  b e t a m e t h a s o n e .  

I t  i s  e v i d e n t  t h a t  t h e  d e p e n d e n c y  o f  t h e  d u r a t i o n  of 

s i d e  e f f e c t  on g e l  v i s c o s i t y  i s  t h e  same a s  t h a t  o b s e r v e d  

f o r  t h e  AUC p a r a m e t e r .  Here also t h e  d u r a t i o n  of  s i d e  

e f f e c t  f o r  t h e  c o n t b i n a t i o n  p r e p a r a t i o n  - i n  p e r c e n t  of 

t h a t  f o r  t h e  c o r r e s p o n d i n g  b e t a r n e t h a s o n c  p r e p a r a t i o n  - i s  

i n d e p e n d e n t  on gel v i s c o s i t y  over t h e  r a n g e  of - 1 0  -- 180 r'. 

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

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

e f f e c t i v e l y  ( - 6 0 % )  t h e  d u r a t i o n  of b e t a m e t h a s o n d  s i d e  

e f f e c t  w i t h  r e g a r d  t o  t h e  i n t r a o c u l . a r  p r e s s u r e .  
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VISCOSITY OF OPHTHALMIC PREPARATIONS. I1 311 

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  ( t a b l e  2) r e v e a l s  

t h a t  i n c o r p o r a t i o n  of p h e n y l e p h r i n e  h y d r o c h l o r i d e  i n t o  t h e  

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

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

d r u g s  a r e  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

Maximum Response. 

The maximum r e s p o n s e  t o  t h e  c o m b i n a t i o n  p r e p a r a t i o n -  

e x p r e s s e d  i n  p e r c e n t  o f  t h a t  f o r  t h e  c o r r e s p o n d i n g  b e t a -  

m e t h a s o n e  p r e p a r a t i o n  - i s  p r e s e n t e d  f o r  t h e  d i f f e r e n t  

g e l s  i n  f i g u r e  ( 2 ) .  

A l s o  h e r e ,  t h e  maximum r e s p o n s e  p a r a m e t e r  i s  i n d e p e n -  

d e n t  on t h e  v i s c o s i t y  of t h e  gel over  t h e  r a n g e  -10 - - 180 P. 

The d u r a t i o n  i n  t h e  MR t o  b e t a r n e t h a s o n e  i n  a gel 

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

h y d r o c h l o r i d e  seems t o  b e  r a t h e r  1 . imi ted  ( - 2 0 % )  e x c e p t  

f o r  m e t h y l c e l l u l o s e  g e l  where  t h e  r e d u c t i o n  a p p r o a c h e s  - 7 5 % .  

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  ( t a b l e  2 )  r e v e a l s  

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

f i c a n t  (P = 0 . 0 0 1 )  o n l y  i n  m e t h y l c e l l u l o s e  g e l .  

Compar ison  be tween t h e  d i f f e r e n t  ge1.s c o n t a i n i n g  t h e  

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

which  shows s i g n i f i c a n t  (P = 0.01. - (1.001) d i f f e r e n c e s  t o  

t h e  o t h e r  g e l s .  
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3 12 KASSEM ET A L .  

-"< T h e  f i g u r e s  b e t w e e n  p a r e n t h c s i s  r c ~ p r v s c n t  t t i c  standard 
e r r o r  . 

The f i n d i n g s  r e p o r t e d  above  would p o i n t  t o  t h a t  q e l  

s y s t e , i i s  f a v o u r ,  t o  a marked e x t e n t ,  t h e  s u p p r e s s i o n  of 

t h e  s i d e  e f f e c t  of be tame thasone  by p h e n y l e p h r i n e  hydro-  

c h l o r i d e .  'The e f f e c t  of t h e  g e l  seems t o  be a l m o s t  

i ndependen t  on g e l - v i s c o s i t y  o v e r  a r a t h e r  wide r a n g e  

( . 1 0  - 
sys t em a p p e a r s  t o  b e  m e t h y l c e l l u l o s e  based  g e l  of  a 

~ 180 P ; D - 0 sec - ' ) .  The most e f f e c t i v e  gel 

v i s c o s i t y  a round  200 P (D .= 0 s e c - l ) .  

O n  t h e  b a s i s  of d a t a  p r e s e n t e d  i n  t h e  tables and f i v e s  

it would be o b v i o u s  t h a t  t h e  g e l  s y s t e m s  markedly  r e d u c e  
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t h e  s i d e  e f f e c t  and  enhance  t h e  e f f e c t  i t s e l f  t o  a l e s s  

marked e x t e n t .  T h i s  may p r e s e n t  a p o i n t  o f  d i f f e r e n c e  

between t h e  i n v e s t i g a t e d  gels  and  t h e  o p h t h a l m i c  s o l u t i o n s  

c o n t a i n i n g  a v i s c o l i z e r .  I n  t h e  l a t t e r  s y s t e m s  it was 

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

e f f e c t  and  i n  t h e  mean t i m e  enhancement  of  d r u g  e f f e c t  t o  

d i f f e r e n t  e x t e n t s  depend ing  on v i s c o s i t y  of o p h t h a l m i c  

s o l u t i o n  and  t y p e  of polymer used .  T h i s  would p r o v i d e  a n  

e f f e c t i v e  means i n  t h e  p r o p e r  d e s i g n  of o p h t h a l m i c  p re -  

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

s i d e  e f f e c t .  

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

l i n e  w i t h  t h e  hypo thes i s - advanced  unde r  t h e  o p h t h a l m i c  

s o l u t i o n  - t h a t  a low re lease r a t e  c o n s t a n t  i s  e s s e n t i a l  

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

e f f e c t  o f  be t ame thasone .  The g e l  s t a t e  r e p r e s e n t s  a 

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

v i s c o s i t i e s  h i g h e r  t h a n  4 C P  w i t h  r e g a r d  t o  t h e  v a l u e s  

of  t h e  r e l e a s e  r a t e  c o n s t a n t s  o f  t h e  two d r u g s  (' 'I,  b o t h  

v a l u e s  b e i n g  i n  t h e i r  L o w  l e v e l .  

DISCUSSION O F  INFLUENCE OF VISCOLIZERS ON THE 

COUNTER EFFECT O F  P H E N Y L E P H R I N E  HYDROCHLORIDE.  

AUC for t h e  S i d e  E f f e c t  i n  R e l a t i o n  t o  V i s c o s i t y .  

F i g u r e  ( 3 )  d e p i c t s  t h e  dependency  of t h e  i n f l u e n c e  

of p h e n y l e p h r i n e  h y d r o c h l o r i d e  on t h e  AUC f o r  combina t ion  
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p r e p a r a t i o n s  - e x p r e s s e d  i n  p e r c e n t  of  t h a t  f o r  t h e  

c o r r e s p o n d i n g  be tame thasone  p r e p a r a t i o n  - on t h e  v i s c o s i t y  

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

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

t i o n s  v i z .  l i q u i d s  and  ge l s .  

The f o l l o w i n g  phenomena may b e  deduced  from t h e  

f i g u r e  : 

a )  I n c r e a s i n g  t h e  v i s c o s i t y  of t h e  s y s t e m  seems t o  

enhance  t h e  c o u n t e r  e f f e c t  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e .  

T h i s  e f f e c t  i s  so marked t o  t h e  e x t e n t  t h a t  one  may 

r e d u c e  t h e  s i d e  e f f e c t  of be t ame thasone  b y  a b o u t  7 0 %  

s imply  by t h e  p r o p e r  a d j u s t m e n t  of  v i s c o s i t y .  

b )  The b e n i f i c i a l  e f f e c t  o f  i n c r e a s i n g  t h e  v i s c o s i t y  

w i t h  r e g a r d  t o  m i n i m i z a t i o n  o f  be ta rne thasone  s i d e  e f f e c t -  

i n  terms of  AUC- seems t o  b e  l i m i t e d  t o  a v e r y  nar row 

and low v i s c o s i t y  r a n g e ,  v i z .  u p  t o  a b o u t  1 0  C P  a t  maximum 

( D  J 0 sec . ) .  -1 

c)  Polymer s p e c i f i c i t y  o r  polymer t o  polymer 

v a r i a b i l i t y  seems t o  o v e r l a p  w i t h  t h e  e f f e c t  of  v i s c o s i t y .  

d )  Extreme i n c r e a s e  i n  t h e  v i s c o s i t y  of t h e  

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

a b o u t  any  marked a d v a n t a g e  w i t h  r e g a r d  t o  m i n i m i z a t i o n  

of be t ame thasone  s i d e  e f f e c t  or, i n  o t h e r  words ,  maxi- 

m i z a t i o n  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e  c o u n t e r  e f f e c t .  
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316 KASSEM ET A L .  

3 G e l s  o f  v i s c o s i t i e s  i n  t h e  order o f  1 0  - lo4 CP do n o t  

g r e a t l y  d i f f e r  f r o m  s o l u t i o n s  o f  v i s c o s i t i e s  a r o u n d  1 0  CP 

T h i s  shows  t h a t  a 1 0 0 0 - 1 0 0 0 0 - f o l d  i n c r e a s e  i n  v i s c o s i t y  

do n o t  b r i n g  a b o u t  a n y  f u r t h e r  a d v a n t a g e .  

e )  I n  t h e  q e l  s t a t e ,  t h e  c o u n t e r  e f f e c t  o f  p h e n y l -  

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

t h e  v i s c o s i t y .  

D u r a t i o n  of S i d e  E f f e c t  i n  R e l a t i o n  t o  V i s c o s i t y . .  

F i g u r e  ( 4 )  d e m o n s t r a t e s  t h e  d e p e n d e n c y  of t h e  

d u r a t i o n  of s i d e  e f f e c t  f o r  c o m b i n a t i o n  p r e p a r a t i o n s  - 

e x p r e s s e d  i n  p e r c e n t  of t h a t  f o r  t h e  c o r r e s p o n d i n q  

b e t a n e t h a s o n e  p r e p a r a t i o n ?  on v i s ~ w c i ~ y .  The f i y u r e  i n t e g r a t e s  

d i f f e r e n t  p o l y m e r s  a s  well a s  l i q u i d  p r e p a r a t i o n s  a n d  

g e l s .  

'The s i m i l a r i t y  b e t w e e n  t h i s  f i g u r e  a n d  t h e  p r e v i o u s  

o n e  i s  r a t h e r  s t r i k i n q .  B o t h  f i q u r e s  d e m o n s t r a t e  t h e  

q r e a t  p o t e n t i a l  o f  " a d j u s t e d "  v i s c o s i t v  i n  e n h a n c i n q  t h e  

c o u n t e r  e f f e c t  o f  p h e n y l e p h r i n e  h v d r o h c l o r i d e  w i t h  

r e g a r d  t o  t h e  s i d e  e f f e c t  o f  b e t a r n e t h a s o n e .  

T h e  f o l l o w i n g  c o n c l u s i o n s  [nay b e  d e r i v e d  f r o m  t h e  

f i q u r e  : 

a )  W h i l e  t h e  c o u n t e r  e f f e c t  o f  p h e n y l e p h r i n e  

h y d r o c h l o r i d e  i s  n e g l i g i b 1 . e  i n  a p u r e l y  a q u e o u s  s o l u t i o n  

of p h e n y l e p h r i n e  h y d r o c h l o r i d e  a n d  b e t a m e t h a s o n e ,  it 
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becomes i n c r e a s i n g l y  marked i f  t h e  v i s c o s i t y  i s  i n c r e a s e d  

by s m a l l  i n c r e m e n t s .  Under  a p p r o p r i a t e  c o n d i t i o n s ,  t h e  

d u r a t i o n  o f  s i d e  e f f e c t  may be  r e d u c e d  by a b o u t  6 0 % .  

b )  The  d e p e n d e n c y  of t h e  d u r a t i o n  of s i d e  e f f e c t  i s  
- 1  

p r o n o u n c e d  i n  t h e  v i s c o s i t y  r a n g e  u p  t o  - “ c P  ( D z D  sec-.) 

c )  I n  t h e  v i s c o s i t y  r a n q e  u p  t o  - 5 rP, t h e  v i s c o -  

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

words  t h e  o v e r l a p  o f  po lymer  s p e c i f i c i t y  w i t h  s o l u t i o n  

v i s c o s i t y  i s  much less  p r o n o u n c e d  than t h a t  observed for the 

a r e a  p a r a m e t e r .  

d )  Beyond t h e  v i s c o s i t y  r a n g e  u p  t o  - 5 cP a n d  

r e a c h i n g  t o  v a l u e s  a s  h i g h  a s  1 0 3  or lo4 cP, t h e  d u r a t i o n  

of s i d e  e f f e c t  i s  a l m o s t  i n d e p e n d e n t  on t h e  v i s c o s i t y  

o f  t h e  s y s t e m .  G e l s  do n o t  d i f f e r  t o  a n y  rnakred e x t e n t  

f r o m  o p h t h a l m i c  s o l u t i o n s  of  low v i s c o s i t i e s .  

e )  The c o u n t e r  e f f e c t  of p h e n y l e p h r i n e  h y d r o c h l o r i d e  

w i t h  r e g a r d  t o  b e t a m e t h a s o n e  s i d e  e f f e c t  seems t o  be 

i n d e p e n d e n t  on t h e  v i s c o s i t y  of t h e  s y s t e m  i n  t h e  g e l  

s t a t e .  

I n t e n s i t y  o f  S i d e  E f f e c t  i n  R e l a t i o n  t o  V i s c o s i t y .  

F i g u r e  ( 5 )  i n t e g r a t e s  d i f f e r e n t  p o l y m e r s  a n d  

d i f f e r e n t  o p h t h a l m i c  s y s t e m s  (liquids a n d  g e l s )  w i t h  

r e g a r d  t c  t h e  e f f e c t  of  v i s c o s i t y  on t h e  i n t e n s i t y  of 
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s i d e  e f f e c t  f o r  a c o m b i n a t i o n  o f  b e t a m e t h a s o n e  and  

p h e n y l e p h r i n e  h y d r o c h l o r i d e  ( e x p r e s s e d  i n  p e r c e n t  o f  

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

o n l y  b e t a m e t h a s o n e )  . 

I t  i s  e v i d e n t  t h a t  t h e  i n t e n s i t y  o f  b e t a m e t h a s o n e  

s i d e  e f f e c t  i s  n o t  a l l e v i a t e d  by p h e n y l e p h r i n e  h y d r o -  

c h l o r i d e  u n l e s s  a v i s c o l i z e r  i s  a d d e d .  The i n t e n s i t y  of 

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

may be r e d u c e d  by a b o u t  4 0 %  i f  t h e  v i s c o s i t y  i s  p r o p e r l y  

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

v i s c o s i t y  r a n g e  up  t o  -. 5 o r  1 0  c P .  Beyond t h i s  r a n g e  

t h e  dependency  on v i s c o s i t y  i s  m i n i m a l  t o  t h e  e x t e n t  

t h a t  g e l s  of  v i s c o s i t i e s  of  lo3 - 1 0  

d i f f e r  f r o m  s o l u t i o n s  o f  a v i s c o s i t y  o f -  5 or 1 0  c P .  

c P  d o  n o t  g r e a t l y  

The o v e r l a p  of  v i s c o s i t y  a n d  p o l y m e r  s p e c i f i c i t y  

i s ,  however ,  h e r e  v e r y  a p p a r e n t .  

The v i n y l  a l c o h o l  b a s e d  p o l y m e r s  seem t o  be d i s -  

t i n g u i s h e d  by t h e i r  e f f i c a c y  i n  m a x i m i z i n g  t h e  c o u n t e r  

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

i s  also v a l i d  f o r  t h e  o t h e r  two p a r a m e t e r s ;  v i z .  t h e  

A U C  and t h e  d u r a t i o n  of  s i d e  e f f e c t .  

Summar iz ing ,  o n e  may conclude t h e  f o l l o w i n g  : 

a )  The p r e s e n t  r e s u l t s  p r o v i d e  e v i d e n c e  t h a t  t h e  

v i s c o s i t y  of t h e  o p h t h a l m i c  p r e p a r a t i o n s  i s  a t a n g i b l e  

f a c t o r  which  i n f l u e n c e s  t h e r a p e u t i c  drug/drug in te rac t ions .  
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b)  The v i s c o s i t y  of  t h e  o p h t h a l m i c  p r e p a r a t i o n s  

seems t o  be a f a c t o r  o f  g r e a t  p o t e n t i a l  i n  min imiz ing  

t h e  s i d e  e f f e c t  of  a d r u g  by a n o t h e r  one .  

c )  The s p e c i f i c  examples  i n v e s t i g a t e d  d e m o n s t r a t e  

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

narrow and low v i s c o s i t y  r a n g e  e x t e n d i n g  up t o  a b o u t  

5 o r  1 0  CP (D . 0 set:'). F u r t h e r  i n c r e a s e  of  v i s c o s i t y  

ove r  up t o  4 o r d e r s  of  magni tude  t o  r e a c h  t h e  g e l - s t a t e  

i s  of  minimal  e f f e c t .  

d )  Polymer s p e c i f i c i t y  seems t o  o v e r l a p  w i t h  t h e  

v i s c o s i t y  f a c t o r  f c r  s a n e  p a r a m e t e r s ,  v i z .  A U C  and 

maximum r e s p o n s e .  Fo r  o t h e r  p a r a m e t e r s ,  v i z .  d u r a t i o n  

o f  s i d e  e f f e c t ,  t h e r e  i s  a l m o s t  no o v e r l a p .  

e )  Of t h e  polymers  i n v e s t i g a t e d ,  p o l y v i n y l  a l c h o l  

( 7 2 0 0 0  & 1 4 0 0 0 )  seems t o  be t h e  most powerfu l  one  i n  

c o n t r o l l i n g  t h e  s i d e  e f f e c t  of be t ame thasone .  

f) The c o u n t e r  e f f e c t  o f  a d r u g  on t h e . s i d e  e f f e c t  

of a n o t h e r  one  i n c o r p o r a t e d  i n  t h e  same o p h t h a l m i c  

p r e p a r a t i o n  seems t o  b e  h i g h l y  dependen t  on t h e  v i s c o s i t y  

of t h e  p r e p a r a t i o n .  I n  t h e  combina t ion  of p h e n y l e p h r i n e  

h y d r o c h l o r i d e  and  be tame thasone  i t  was p o s s i b l e  t o  

r e d u c e  t h e  s i d e  e f f e c t  of  be t ame thasone  w i t h  r e g a r d  t o  

t h e  i n t r a o c u l a r  p r e s s u r e  i n  t e r n s  of  A U C  by a b o u t  70%, 

i n  terms of d u r a t i o n  of  s i d e  e f f e c t  by abou t  6 0 %  and 
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3 22 KASSEM ET A L .  

i n  t e rns  of i n t e n s i t y  of s i d e  e f f e c t  by a b o u t  4 0 % .  T h i s  

was e f f e c t e d  b y  s i m p l e  " a d j u s t m e n t "  o f  t h e  v i s c o s i t y  

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

g )  G e l s  do  n o t  o f f e r  a n y  a d v a n t a q e  o v e r  l i q u i d  

p r e p a r a t i o n s  o f  v i s c o s i t i e s  a r o u n d  5 or 1 0  CP w i t h  

r e q a r d  t o  p o t e n t i a t i o n  of t h e  c o u n t e r  e f f e c t  o f  p h e n y l -  

e p h r i n e  h y d r o c h l o r i d e .  H e n c e ,  t h e  u s e  o f  g e l s  t~ m e e t  

s i t u a t i o n s  w h e r e  a c o u n t e r  e f f e c t  i s  i n d i c a t e d  seems t o  

be u n j u s t i f i e d .  

h) T h e  d a t a  p r e s e n t e d  s p o t  l i g h t  a new d i m e n s i o n  

f o r  t h e  r o l e  t h a t  t h e  v i s c o s i t y  o f  a n  o p h t h a l m i c  p r e -  

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

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

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

may be a b l e  t o  come t o  g e n e r a l  c o n c l u s i o n s .  
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