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ABSTRACT 

Three parameters have been utilized to assess the 
performance of combination preparation of betamethasone 
and phenylephrine hdyrochloride formulated in viscous 
solutions of methylcellulose, methylhydroxyethyl- 
cellul.ose or polyvinyl alcohol, PVA . The parameters 
were the area under the curve, AUC, the maximum response, 
MR, and the,duration of side effect , DA, (increased in 
the intaocular pressure, IOP) . The results demonstrate 
that balancing the side effect of betamethasone through 
combination with phenylephrine hydrochloride is highly 
dependent on the viscosity of the solution to the extent 
that the effect of the latter is insignificant in aqueous 
(non viscous) solutions or in a vehicle of a viscosity 
less than 4 cp (D c 0 sec-’), It was found that PVA 
seems to be the most powerful one in controlling the 
side effect of betamethasone, 
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2 54 

INTRODUCTION 

KASSEM ET AL. 

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

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

and even  i n d u c e ,  i n  s u s c e p t i b l e  i n d i v i d u a l s ,  a n  i n t r a c -  

t a b l e  f laucoma")  . The r i se  i n  o c u l a r  t e n s i o n  i s  marked 

w i t h  t h e  p o t e n t  a n t i - i n f l a m m a t o r y  a g e n t s  dexamethasone  

and b e t a r n e t h a s o n e ( 2 ) .  

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

i n c r e a s e s  t h e  I O P  i n  4 6 %  of t h e  v o l u n t e e r s  w i t h  6-15mmHg. 

I t  was a l s o  r e p o r t e d  ( 3 )  t h a t  

Betamethasone d r o p s  when used  i n  o n e  e y e  f o r  1 - 2  months 

r e s u l t e d  i n  c h r o n i c  s i m p l e  glaucoma.  (4) 

a-Sympathomimetic d r u g s  a re  known t o  b r i n g  a b o u t  

t h e  d e s i r e d  e f f e c t ,  v i z .  l o w e r i n g  of I G P  ( 5 t 6 ) .  The 

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

o f  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  f o r  

t h e  t r e a t m e n t  o f  t h e  i n f l a m e d  e y e .  

The e f f e c t  of  v i s c o l i z e r s  on o c u l a r  d r u g  b i o a v a i l a -  

b i l i t y  h a s  been i n v e s t i g a t e d  most  e x t e n s i v e l y  w i t h  

p i l o c a r p i n e .  

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

u s i n g  methylcellulose-resulted i n  h i g h e r  aqueous  humer 

I t  h a s  been r e p o r t e d  ( 7 )  t h a t ,  i n s t i l l a t i o n  

d r u g  c o n c e n t r a t  i o n .  

An a t t e m p t  was carr ied o u t  t o  v e r i f y  t h e  e q u a l  

v i s c o s i t y - e q u a l z t i v i t y  ( f o r  p i l o c a r p i n e  r n i o t i c  e f f e c t )  
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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 255 

assumption, and to define species (man and rabbit) 

differences in the biological response to the same 

vehicle. ( 8 )  

Other authors I demonstrated that pilocarpine 

produces greater miosis and greater reduction in the 

IOP compared to the simple aqueous solution of the drug. 

A study ("'in albino rabbits, proved that solution 

of pilocarpine nitrate containing polyvinyl alcohol 

have greater ocular bioavailability than simple aqueous 

solutions. 

The aim of this work was an attempt to give an 

answer to the following question : H o w  far do visco- 

lizers influence the usefulness of the combination of 

betamethasone and phenylephrine hydrochloride I in 

other words how far does phenylephrine hydrochloride 

subress or inhibit betamethasone side effect (elevation 

of the IOP) in relation to viscosity of the ophthalmic 

solutions 

EXPERIMENTAL 

Materials : 

Betamethasone (Schering), phenylephrine hydro- 

chloride (Siegfried). 

Methylcellulose 450 (BDH) , methylhydroxyethylcellulose 

(Tylose 4000-Hoechst), polyvinyl alcohol 14000 (PVA 14000) 
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2 56 KASSEM ET AL. 

a n d  p o l y v i i . y l  a l c o h o l  7 2 0 0 0  (PV1i72000) ( B D H ) ,  a l l  of 

r e a q e n t  g r a d e .  

Methods : 

1)r e pa r a t i on of o ph t h a 1 m i  c 5 o 1 u t i on c iiic as u r  eiiicn t o f 

I O P  and i n v e s t i g a t i o n  of t h e  rhcoloL].y o f  o p h t h a l m i c  

s o l u t i o n s .  a l l  were c a r r i e d  out a s  p r c v i o u r , l l -  d e s c r i b e d  

by t h e  saiie a u t h o r s  (11) 

T h e  v i s c o l i z c r s  u c c d  i n  o p h t h a l : - i c  s o l u t i o n s  a r e  : 

two yradcs  of p o l y v i n ) . l  a l c o h o l ,  PV.:.. 1 4  a n d  J’V.372 ( 1 . 0 ~  

and  h i q h  r . iol .eculsr w e i g h t )  , i n c t h y l c e l l u l o c c ,  NC, a n d  

i:ic t h y 1 h}.dr o sy c th1.l  c e 1 1 u 1 o s e ( t y 1 or  e 1 i n con c e n t  r a t i on 

r;inqt‘s : 1-3”> ; [1:3-2%; 0 . 2 5 - l o b  a n d  0.125-0.5’ w,’v 

r e s p e c t i v e l y .  Non v i c c o u s  s o l u t i o n  \:cis u s e d  f o r  

c o m p a r i s o n .  

The c o m b i n a t i o n  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 q s i n  t h e  saiiie 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 q ,  v i z  : 0.05X w,’v b e t a l n e t h a s o n e  and  

2. 5aj w/v p h e n y l c p h r i n e  h y d r o c h l o r i d e .  

RESULTS AND D I S C U S S I O N  

B e t a n l e t h a s o n e ,  wh ich  i s  a p o t e n t  a n t i - i n f l a m m a t o r y  

compound a c t i n g  b o t h  a s  c y c l o - o x y g e n a s e  a n d  l i p o x y g e n a s e  

i n h i b i t o r  h a s  a major s i d e  e f f e c t ,  v i z .  i n c r e a s i n g  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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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 257 

I t  i s  p l a u s i b l e  t h a t  a n  u - a d r e n o r e c e p t o r  s t i i r i u l a n t ,  

wh ich  l o w e r s  t h e  i n t r a o c u l a r  p r e s s u r e ,  wou ld  b a l a n c e  t h e  

sidc ef f c c t  of bctamct!?Jsor,e i f  zdlTi i r . ic tered c o n c u i l i i t t -  

a n t  1 y w i t h be t ame t h a s  o n e  I 

I 

iiow f a r  t h i s  b a l a n c e  may b e  a c h i e v e d  a n d  t o  w h a t  

e x t e n t  i s  t h i s  d e p e n d e n t  o n  t h e  v i s c o s i t y  oE t h e  o p h t h a -  

lmic p r e p a r a t i o n s  a r c  q u e s t i o n s  a w a i t i n q  a n  a n s w c r  i n  

t h e  s c i e n t i f i c  l i t e r a u t r c .  T h i s  part of t h e  w o r k  i s  a 

c o n t r i b u t i o n  t o  t h i s .  

T h r e e  parameters h a v e  b e e n  u t i l i z e d  t o  assess t h e  

perfor i r iance o f  c o m b i n a t i o n  p r e p a r a t i o n s  of 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 .  ‘lhese wcrc t h e  a r e a  

u n d e r  t h e  c u r v e ,  A U C ,  t h e  niaxiiiiurri r e s p o n s e  ;lK, a n d  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 c a s c d  i n  I 0 P )  . The a b o v e  

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

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

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

I 

, 

F i z u r e  ( 1 )  shows t h e  time c . o u r s c  of  t.h;Lt 

i n t r a o c u l a r  p r e s s u r e  for c o m b i n a t i o n  p r e p a r a t i o n s  

a s  3 f u n c t i o n  of polyrr l t , r  c o n c c n t l - a t i o n  in 

the o p t h a l r n i c  s o l u t  ion. I t ,  i s  obvious 

t h a t  d e v i a t i o n  of t h e  IOP f r o m  n o r m a l  i s  n o t  o n l y  a 

f u n c t i o n  of t h e  two d r u g s ,  b u t  also d e p e n d s  t o  a marked  

e x t e n t  on t h e  p o l y m e r  c o n c e n t r a t i o n .  
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30r 

KASSEM ET AL. 

c 
0 
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0 T e s t  

0 Contro l  

I 9 6  M C  

I 6 l  

24 II 

0.5% Mc 

0 . 2 5 %  Mc 

Non- V iscous  
So lu t i on  

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

F i g .  ( 1 ) : I n t r a o c u l a r  P r e s s u r e  ( i n  rnrn H g )  of 

Rabbit's E y e  P o s t - I n s t i l l a t i o n  of 

O p h t h a l m i c  S o l u t i o n s  of. B e t a r n e t h a s o n e  

a n d  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  Containing 
M e t h y l . c e l . l u l o s e  (MC)  . 
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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 259 

T o  f i n d  o u t  t h e  optimum c o n d i t i o n s  € o r  a b a l a n c e  of 

t h e  s i d e  e f f e c t  of  b e t a m e t h a s o n e  and i n  t h e  liiean tiruc a 

f a i r  e f f e c t  of t h e  d r u g ,  it would b e  a p p r o p r i a t e  t o  

compare t h e  v a l u e s  of t h e  p a r a m e t e r s  AUC,  D.1 and MR f o r  

comb i n a t  i on p r e p a r  a t  i on s and be tame t h a s  o n e  pr c p a r  a t  i on s 

of s i m i l a r  v i s c o s i t y .  

AUC . 
F i g u r e  ( 2 )  and t a b l e  (1) shows t h e  AUC of cornbina- 

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  a s  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 tarne thasone  p r e p a r a t i o n  i . c .  s o l u t i o n s  

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

I t  i s  o b v i o u s  t h a t  i n c r e a s i n g  t h e  v i s c o s i t y ,  even  

by small i n c r e m e n t s ,  f a v o u r s  a r e d u c t i o n  of  t h e  A U C  f o r  

t h e  cornbina t ion  p r e p a r a t i o n  r e l a t i v e  t o  t h a t  o f  c o r r e s -  

pondinq b e t a m e t h a s o n c  p r e p a r a t i o n s .  R e l a t i v e  t o  t h e  

l a t t e r ,  t h e  a r e a  markedly  d e c r e a s e  a l r e a d y  i n  t h e  

v i s c o s i t y  r a n g e  4-9 C P  and a p p r o a c h e s  a p l a t e a u  a f t e r -  

wards .  I n  t h e  v i s c o s i t y  r a n g e  4-9 cP ,  t h e  a r e a  for t h e  

combina t ion  p r e p a r a t i o n s  i s  o n l y  3 0 %  t h a t  of t h e  corres- 

ponding b e t a m e t h a s o n e  p r e p a r a t i o n s .  T h i s  would m e a n  a 

marked r e d u c t i o n  o f  t h e  s i d e  e f f e c t .  

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  of  t a b l e  ( 2 ) r e v e a l s  

t h a t ,  w h i l e  t h e  d i f f e r e n c e s  i n  t h e  AUC a r e  i n s i g n i f i c a n t  

for t h e  non v i s c o u s  p r e p a r a t i o n s  ( c o m b i n a t i o n  v e r s u s  

be t ame thasone  aqueous  s o l u t i o n s ) ,  t h e y  a r e  h i g h l y  t o  
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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 261 

Tab le  ( 1 ) :  C o r r e l a t i o n  o f  AUC,  DA and  MR t o  t h e  V i s c o s i t y  

of Ophtha lmic  S o l u t i o n s  of Betamethasone  and 

P h e n y l e p h r i n e  Hydroch lo r ide  C o n t a i n i n g  

M e t h y l c e l l u l o s e  ( M C )  . 
V i s c o s i t y  of Parameters of A c t i v i t y  

D-0 s e c .  
-1 --- - 

AUC m m 
(mrtQ.h 1 (h ) mmHg 

C o n c e n t r a t i o n  

c 4 * 
0 %  1.67 90.44 (9) 100 (11.2) 112.4 (23.5) 

0.25 % 4.00 28.06 (6.9) 59.33( 9 ) 65.60 (13) 
0.50 '6 8.87 27.65 (7) 46.44(8.6) 94.04(22.8) 
1.00 70 21.46 36.66 (5) 58.31(5.6) 87.3 (10.9) 

;'< T h e  F i g u r e s  b e t w e e n  p a r e n t h e s i s  r e p r e s e n t  t h e  s t a n d a r d  e r r o r .  

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

m e t h y l c e l l u l o s e .  The t a b l e  r e v e a l s  a l s o  t h a t  t h e  d i f f -  

e r e n c e s  o b s e r v e d  i n  f i g u r e  (2) f o r  d i f f e r e n t  v i s c o s i t i e s  

a r e  h i g h l y  s i g n i f i c a n t  f o r  compar i sons  between t h e  non 

v i s c o u s  s o l u t i o n s  and any of  t h e  v i s c o u s  ones .  D i f f e r e n -  

ces amongst t h e  l a t t e r  a r e  i n s i g n i f i c a n t .  

D u r a t i o n  of S i d e  E f f e c t  . 

The d u r a t i o n  of  s i d e  e f f e c t  i s  a l s o  found t o  depend 

on t h e  v i s c o s i t y  of t h e  s o l u t i o n  i n  a iiianner v e r y  s i m i l a r  

t o  t h a t  o f  t h e  AUC. A l s o  h e r e ,  t h e  d u r a t i o n  of s i d e  

e f f e c t  i s  d r a s t i c a l l y  r educed  (40-55%) a l r e a d y  i n  t h e  

v i s c o s i t y  r a n g e  - 4-9 CP ( T a b l e  1 1 .  
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262 KASSEM ET A L .  

~~ 

( I .(.I 1 i). 01. 0.1. 

0.01. 0.01 0 . I. 
0.01 0.01 0.1 

0.1 CI. I. 0 . 1 

0. I. 0.1. ci .1 
'1.1. 0 .1  0.1 

L l .  1 0. 1 !! . 1 

0. 01 0.01. 0.05 

0.01 0.001 0.1 
0. "1 0. 001 0.i. 

S t a t i s t i c a l  a n a l y s i s  of t h e  data r e v e a l s  t h a t  w h i l e  

t h e  d i f  f c r e n c e s  b e t w e e n  t h e  non \7 i scous  s o l u t i o n s  (com- 

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

s o l u t i o n s )  a re  i n s i g n i f i c a n t ,  t h o s e  b e t w e e n  t h e  c o r r e s -  

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

s i g n i f i c a n t  ( t a b l e  2 ) .  

A n a l y s i s  of d i f f e r e n c e s  i n  t h e  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  o f  t h e  s o l u t i o n  r e v e a l s  
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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 263 

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

non v i s c o u s  s o l u t i o n s ,  on o n e  h a n d ,  and  any  o f  t h e  v i s -  

c o u s  o n e s ,  on t h e  o t h e r  hand .  D i f f e r e n c e s  i n  t h e  l a t t e r  

g r o u p  a r e  i n s i g n i f i c a n t  ( t a b l e  2 ) .  

Maximum R e s p o n s e .  

The maximum r e s p o n s e  for 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  

i n  p e r c e n t  o f  t h a t  €or  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  i n  f i g u r e  ( 2 ) .  

I t  is obvious t h a t  t h e  d e p e n d e n c y  o f  t h e  MK p a r a -  

meter on s o l u t i o n  v i r c o s i t y  i s  less p r o n o u n c e d ,  compared 

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

of  v i s c o l i z e r s  f a v o u r s ,  t o  a c e r t a i n  e x t e n t ,  l o w e r i n q  o f  

t h p  blri p a r a n i c t c r .  

S t a t i s t i c a l  a ~ a l y s i s  o f  t h e  d a t a  r e v e a l s  t h a t  an}- 

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

o r  a b s e n c e  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  o r  a s  a f u n c -  

t i o n  o f  v i s c o s i t y  of  s o l u t i o n  a re  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  f o r  t h e  MR p a r a m e t e r  ( t a b l e  2 ) .  

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

e f f e c t  o f  b e t a m e t h a s o n e  t h r o u g h  c o m b i n a t i o n  w i t h  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  h i g h l y  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 o l u t i o n  t o  t h e  e x t e n t  t h a  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  i n s i g n i f i c a n t  i n  a q u e o u s  (non-  

v i s c o u s )  s o l u t i o n s  and  h i g h l y  t o  v e r y  h i g h l y  s i g n i f i c a n t  
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264 KASSEM ET AL. 

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

and  D A .  I n  p r e s c n c e  o f  m e t h y l c e l l u l o s e  t h c  e f f e c t  i s  

h i g h l y  s i g n i f i c a n t  a l r e a d y  a t  v i s c o s i t i e s  a r o u n d  4 cP.  

The a b o v e  m e n t i o n e d  phenomenon , v i z  , c o n t r o l l i n g  

d r u g l d r u g  i n t e r a c t i o n s  i n  o c u l a r  a p p l i c a t i o n  v i a  c o n t r o -  

l l i n g  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  i s  

u n p r e c c d e n t e d  and  r e p r e s e n t s  a new d i m e n s i o n  t h a t  w o r t h s -  

f u r t h e r  i n v e s t i q a t i o n  on  t h e  e x a m p l e  of  o t h e r  v i s c o l i z e r s .  

E f f e c t  o f  Methylhydroxyethylcellulose ( T y l o s e )  

F i g u r e  ( 3 )  shows t h e  time course of  t h e  I O P  f o r  

cornbina t ion  p r e p a r a t i o n s  a s  a f u n c t i o n  of T y l o s e  concen-  

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

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

I O P  t o  a marked e x t e n t .  

AUC . 
F i g u r e  (4) and t a b l e  ( 3 )  d e p i c t  t h e  AUC f o r  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 s  e x p r e s s e d  as 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 ,  v i z ,  of same v i s c o s i t y ,  beta-  

m e t h a s o n e  p r e p a r a t i o n .  

I t  i s  obvious  t h a t  t h e  v a l u e  of t h e  a b o v e  m e n t i o n e d  

a r e a  p a r a m e t e r  i s  a f u n c t i o n  of 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 .  I t  decreases w i t h  i n c r e a s i n g  

v i s c o s i t y  t o  r e a c h  v a l u e s  as  l o w  as  50% a t  - 1 6  cP. 
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301- 
28 

22 

20 $L 
1 1  

I 0  t 

0 T e s t  
0 Control 

J. 

I 0  - 

ISL 
3or 

0.25 96 

265 

0.5 96 Tylose 

Tylose 

I 1 1 1 , 1 

0 1 2 3 4 5 6  

Fig.( 3 1 :  Intraocular Pressure (in m m H g )  of Rabbit's 
Eye Post-Instillation of Ophthalmic Solutions 
of Betamethasone and Phenylephrine Hydrochloride 
Containing Methylhydroxyethylcellulose ( T y l o s e )  . 
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120 

1101 
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0 0 125 OkTylose 
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V i s c o s i t y  ( c P ) a t  D 2 o s e t '  
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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 267 

Table ( 3 ) : C o r r e l a t i o n  of AUC,  DA and MR t o  V i s c o s i t y  

of Ophtha lmic  S o l u t i o n s  of  Betamethasone 

d i ~ C i  p l 1 ~ 1 1 1  i p h i  i l l ?  t l yd roch lo r idc  C o n t a i n i n g  

Mcthylhydroxycthylccllulosc ( T y l o s e ) .  

Viscosity a t  I?ramtcrs of Ac t iv i ty  
Cacmtr-tim ~ - 0  c,cc,-l 

ZUC DA M i  (cl') 
(ll1llfkJ.h (h ) (ndlg)  

+ .* * 
0 b 1.67 90.50 ( 9 ) I W  (11.2) 112.4 (23.5) 

c) . 1 2  54 3.24 78.13(17.5) 7S .37  (9.9 ) 133.6 (18.6) 
0.25 -6 4.81 7 0 . 0 5 ( ~ . 3 )  69-25 ( a ) 123.6 (13.7) 
0 . "" 15.87 43.71 (12.7) 59.41 (10 .2 )  77.4 (14.7) 

S t a t i s t i c a l  a n a l y s i s  o f  d i f f e r e n c e s  be tween t h e  

combina t ion  p r e p a r a t i o n s ,  on one  hand ,  and  t h e  corres-  

ponding  be tame thasone  p r e p a r a t i o n s ,  on t h e  o t h e r  hand ,  

r e v e a l s  t h a t  t h e s e  d i f f e r e n c e s  a re  o f  no  s t a t i s t i c a l  

s i g n i f i c a n c e  f o r  t h e  non v i s c o u s  p r e p a r a t i o n s  o r  t h e  

p r e p a r a t i o n s  of a v i s c o s i t y  less t h a n  4 cP .  I f  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  e x c e e d s  4 c P ,  however ,  t h e  

d i f f e r e n c e s  become s i g n i f i c a n t  t o  h i g h l y  s i g n i f i c a n t  

( t a b l e  4). 

Comparison o f  t h e  v a l u e s  o f  t h e  a r e a  p a r a m e t e r  f o r  

s o l u t i o n s  of  d i f f e r e n t  v i s c o s i t i e s  r e v e a l s  t h a t  s t a t i s -  

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

s o l u t i o n s  o f  v i s c o s i t i e s  of ,-- 2 and  - 1 6  CP ( t a b l e  4 ) .  
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2 68 KASSEM ET AL. 

T h e s e  f i n d i n g s  d e m o n s t r a t e  t h a t  t h e  s i d e  e f f e c t  of 

b e t a m e t h a s o n e ,  m e a s u r e d  by t h e  a r e a  u n d e r  t h e  I O P / t i m e  

c u r v e  may be  a l l e v i a t e d  by 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  a s o l u t i o n  c o n t a i n i n g  T y l o s e  

a s  v i s c o l i z e r  a n d  t h a t  t h e  a l l e v i a t i o n  increases  w i t h  

s o l u t i o n  v i s c o s i t y .  

I n  a non v i s c o u s  s o l u t i o n  o r  i n  a s o l u t i o n  of a 

v i s c o s i t y  less t h a n  4 cP, on t h e  o t h e r  h a n d ,  t h e  
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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 269 

i n f l u e n c e s  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 o t  o n l y  

much l e s s  pronounced  b u t  i s  a l s o  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  . 

D u r a t i o n  o f  S i d e  E f f e c t .  

The 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  combina t ion  p r e -  

p a r a t i o n  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  (of  

s aine v i s c o  s i t y ) 

i n  f i g u r e  (4). 

b e t  arne t h a s on e p r e p  a r a t i on i s  p r  e s e n  t e d 

The f i g u r e  d e p i c t s  a r e l a t i o n  of  the  d u r a t i o n  p a r a -  

meter t o  v i s c o s i t y  v e r y  s imi l a r  t o  t h a t  of t h e  a rea  

pararne t c r The d u r a t i o n  p a r a m e t e r  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  of t h e  o p h t h a l m i c  s o l u t i o n .  While  

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  does  n o t  i n f l u e n c e  t h e  

d u r a t i o n  of  s i d e  e f f e c t  i n  a n  aqueous (non v i s c o u s )  

s o l u t i o n ,  it r e d u c e s  t h e  d u r a t i o n  of t h e  s i d e  e f f e c t  

by 30°0 ir, a s o l u t i o n  of a v i s c o s i t y  of -. 5 c P  and by 

4 0 %  i f  t h e  v i s c o s i t y  i n c r e a s e s  t o  ,-- 1 5  c P .  

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  4) r e v e a l s  

t h a t  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  does n o t  r e d u c e  b e t a -  

methasone s i d e  e f f e c t  u n l e s s  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  e x c e e d s  - 4 c P  (D z 0 s e c r l ) .  

S t a t i s t i c a l  a n a l y s i s  of  d i f f e r e n c e s  between t h e  

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

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

compar ison  between t h e  non-v iscous  s o l u t i o n ,  on o n e  hand ,  
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and t h e  s o l u t i o n s  o f  v i s c o s i t i e s  g r e a t e r  t h a n  - 4 C P  

(D -I 0 s e c . - l ) ,  on t h e  o t h e r  hand ( t a b l e  4 ) .  

The above  men t ioned  f i n d i n g s  d e m o n s t r a t e ,  t h u s ,  t h e  

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

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  i n  a non 

v i s c o u s  v e h i c l e  or i n  a v e h i c l e  of a v i s c o s i t y  less t h a n  

4 c P .  A p r e r e q u i s i t e  f o r  t h e  endorsement  of  t h e  e f f e c t  

o f  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  on t h e  d u r a t i o n  of  t h e  

s i d e  e f f e c t  seems t o  b e  i n c r e a s i n g  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  s o l u t i o n  beyond a c r i t i c a l  v a l u e  ( h e r e -  4 cP) 

Maximum Response  

F i g u r e  (4) shows t h e  maximum r e s p o n s e  f o r  t h e  com- 

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  as p e r c e n t  of t h e  

r e s p o n s e  of t h e  c o r r e s p o n d i n g  (o f  same v i s c o s i t y )  b e t a -  

methasone p r e p a r a t i o n s .  

I t  i s  o b v i o u s  t h a t  t h e  maximum r e s p o n s e  p a r a m e t e r  

t e n d s  t o  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  o f  t h e  

o p h t h a l m i c  s o l u t i o n  a f t e r  an  i n i t i a l  i nc rease  i n  t h e  

v i s c o s i t y  r a n g e  2-4 cP. T h i s  d e c r e a s e ,  however ,  s e e m s  

t o  b e  less pronounced  t h a n  t h a t  o b s e r v e d  for t h e  area 

or  d u r a t i o n  p a r a m e t e r .  The maximum r e s p o n s e  p a r a m e t e r  

does  n o t  d e c r e a s e  more t h a n  2 5 %  a t  a v i s c o s i t y  of - 1 6  cP. 

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  4 )  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 t h e  combina t ion  p r e p a r a t i o n s ,  
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on o n e  h a n d ,  a n d  t h e  c o r r e s p o n d i n g  (o f  same v i s c o s i t y )  

b e t a m e t h a s o n e  p r e p a r a t i o n s ,  on t h e  o t h e r  h a n d ,  a r e  con-  

s i s t e n t l y  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 .  From t h i s  p o i n t  of 

v i e w ,  methylhydroxyethylcellulose would o c c u p y  a l o w e r  

r a n k  o r d e r  compared t o  m e t h y l c e l l u l o s e  s i n c e  t h e  1 . a t t e r  

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

c o n s i d e r e d .  

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

s t a t i s t i c a l l y  s i g n i f i c a n t  (P = 0 . 0 5 )  o n l y  o v e r  t h e  v i s c o s i t y  

r a n g e s  - 3 - 1 6  and  r -  5 - 1 6  cP. 

The f i n d i n g s  p r e s e n t e d  a b o v e  d e m o n s t r a t e  t h u s  t h a t  

i n c o r p o r 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  i n t o  

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

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

a d d e d .  I n  p r e s e n c e  o f  methylhydroxyethylcellulose , 

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

f i c a n t  e x t e n t  a s  s o o n  a s  t h e  v i s c o s i t y  o f  t h e  s o l u t i o n  

e x c e e d s  -4 cP(D = 0 sec . - l ) .  

V i scos i t i e s  e x c e e d i n g  4 CP d o  n o t  o n l y  f a v o u r  less 

s i d e  e f f e c t s  b u t  a l s o  i n  t h e  mean t i m e  more b e t a m e t h a s o n e  

a n t i - i n f l a m m a t o r y  e f f e c t .  

E f f e c t  of P o l y v i n y l  A l c o h o l .  

The e f f e c t  o f  P V A  1 4 0 0 0  o r  PVA 72000 on  t h e  t i m e -  

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

f i g u r e s  ( 5  a n d  6 ) .  

I t  i s  o b v i o u s  t h a t  t h e  t i m e - c o u r s e  of  t h e  I 0 P i s  

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

PVA c o n c e n t r a t i o n  a s  well a s  o n  t h e  m o l e c u l a r  w e i g h t  of  

I’VA . 
AUC. 

The AUC € o r  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 s  e x p r e s s e d  

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

v i s c o s i t y )  b e t a m e t h a y o n e  p r e p a r a t i o n s  i s  p r e s e n t e d  i n  F i g  . 
7 h 8 and t a b l e  (5) d r  a f u n c t i o n  o f  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 .  

I t  i s  e v i d e n t  t h a t  t h e  a r e a  p a r a m e t e r  i s  h i g h l y  

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 r r l i c  s o l u t i o n .  

I t  decreases t o  a n a r k e d  e x t e n t  w i t h  i n c r e a s i n g  v i s c o s i t y .  

The e f f e c t  i s  v e r y  p r o n o u n c e d  a t  r e l a t i v e l y  low v i s c o s i -  

t i e s ,  v i z .  a r o u n d  4 c P .  A t  s u c h  a v i s c o s i t y  t h e  AUC i s  

r e d u c e d  t o  r e a c h  v a l u e s  3 5 %  a n d  - 1 5 %  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 s ,  i n  t h e  case  of 

PVA 1 4 0 0 0  a n d  PVA72000, r e s p e c t i v e l y .  

I n  t h e  case of t h e  a q u e o u s  s o l u t i o n ,  c o n t a i n i n g  n o  

v i s c o l i z e r ,  t h e  AUC € o r  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 s  i s  

r e d u c e d  t o  a m i n i m a l  e x t e n t  t o  r e a c h  v a l u e s  z 9 0 %  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  s o l u t i o n .  
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h 

0 
I 
E 
E 

(L 

0 

v 

- 

24 r 0 T e s t  

r 
24 c 

3% P V A  14 

296 P V A  14 

I I I I I I 

0 I 2 3 4  5 6  
T i m e  (t7) 

: t n t r a o  c u l  a r Ilrc s s U L  (2 1’0s t - I n s t i 1.1. at i o n  
of  O p h t h a l r n i c  S o l u t  i o n s  o f  B e t a r n i t h a s o n e  a n d  
1 ) h  c n y 1 F ph r i n c t I y d L‘O c h 1 o r- i d e  C o n  t a i n i n g Po 1 y v i n y 1 

( i n  rrrri iHg) 

i i l .cohol  1 4 0 0 0  ( I j V A I  4) . 

S t a t i s t i c a l  a n a l y s i s  of t h e  c i a t a ,  r e v e a l  

t h a t  t h e  d i f f e r e n c e s  be tween  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 s  

and  t h e  c o r r e s p o n d i n g  (of  same v i s c o s i t y )  b e t a m c t h a s o n e  

p r e p a r a t i o n s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  o n l y  i 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  s o l u t i o n  c x c c c d s  3 cP. 
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I S -  

I6  

**r 0 T e s t  

- 

I 1 I 1 I 

KASSEM ET AL. 

16 
r 

I % P V A  72 

Uclow t h i s  v a l u e  t h e  c o n i b i n a t i o n  p r e p a r a t i o n s  do n o t  

d i f f e r  from t h e  c o r r e s p o n d i n q  b e t a m e t h a s o n e  p r e p a r a t i o n s  

t o  dri\7 s i y n i f  i c a n t  e v t e n t .  

> t a t i s t i c a l  a n a l y s i s  of d i f  f e r e c c c s  b c t w c c n  t h e  

values of t h e  a r e a  p a r a i i i e t e r  for d l f f c > r e n t  viscosities 
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Auc 
Q A H.R 

20- 

I O -  

00 - 
A A Non-viscous 

0 0 I % P V A  14 

0 m 2 %  N 

0 3 % 

1 : , 1  

80 

7 0  

60 

5 0  

4 0  - 

- 

30  20 - I n  
10- 

0 I 2 3 4 5 
I 1 I I I 

B a s i c  v i s c o s i t y  ( C P )  

F i q  ( 7 ) : I n f  1 u c t i c c  of V i S c o S i t y  of C ~ p h t h a l ~ r ~ i c  S o l u t i o n s  
C o n t a i n i n y  1'01 ) . v i n y l  A 1  coho1 1 4 0 0 0  ( P V A 1 4 )  
on the‘ C o u n t e r  Lf feet of P h e n y l  c p r h i n c - H C 1  
w i t h  i i c g a r d  t o  tlic K c l a t i v e  '4 of AUC, DA a n d  MR. 
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Y 

P 

I I I 1 

0 I 2 3 4 5 

V i s c o s i t y  ( c  P ) a t  D 2 o set' 

F i g . (  8 ) :  I n f l u e n c e  of 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 s  
C o n t a i n i n g  P V A 7 2  on 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 C 1  w i t h  Regard t o  t h e  Re la t ive  
t o  of AUC, DA a n d  MR. 
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reveals, in the case of PVA 7 2 0 0 0 ,  that the observed 

differences are significant (P = 0.05 - 0.01) throughout 

the viscosity range investigated with the exception of 

the range - 2-3 cP- 

In the case of PVA 14000, however, the differences 

observed are statistically significant o n l y  throughout 

the viscosity range - 1.5 - 3 and - 1.5 - 5 cP. 

The above mentioned findings, thus, demonstrate the 

capability of PVA, specially the higher molecular weight 
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2 7a KASSEM ET AL. 

( g r a d e ,  i n  e f f e c t i v e l y  r e d u c i n g  t h e  a r e a  u n d c r  t h e  i n t r a -  

o c u l a r  p r e s s u r e / t i m e  c u r v e  € 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  

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  a n d  b e t a m e t h a s o n e .  T h i s  

e f f e c t  r e v e a l s  i t s e 1 . f  a l r e a d y  a t  v i s c o s i t i e s  a s  low a s  

-4 CP. 

D u r a t i o n  o f  S i d e  E f f e c t .  - ___-- 

1"igures ( 7  b 8) r e v e a l  t h a t  t h e  d u r a t i o n  o f  s i d e  

cf f e c t  f o r  ti\<, c.ul l l i i in; l t iot l  p r c i i a r ; - i t i 3 i 1 - ~ , ~ r ~ ~ s ~ ~  i n  

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

p a r a t i o n  - i s  highly d e p e n d e n t  on  thc v i s c o s i t y  o f  t h e  

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

f a v o u r  i u i n i i i i i z a t i o n  of t h e  d u r a t i o n  o€ the  :;idti e f f e c t  

of b e t a m e t h a s o n e .  T h i s  i s  e v i d e n t  b o t h  for PVi. .  14000 

a n d  I ' V ; \ 7 2 ~ ~ 0 0 ,  t h e  phenomenon b e i n g  i:Iorc? ifiarkcd f-or t h o  

l a t t e r  polyI i ie r .  

A t  v i s c o . y i t i e . 5  a r o u n d  4 C P  t h e  d u r a t i o n  of s i d e  

c f f e c t  for t h e  c o n i b i n a t i o n  p r e p a r a t i o n  r e a c h e . ?  - 3.1 a n d  

., 3 5 %  t h a t  of  t h e  c o r r e s p o n d i n g  b c t a n i e t h d s o n e  p r e p a r a -  

t i o n s  i n  p r e s e n c e  of  P V A  1 4 0 0 0  and LiVi'j 72000, respec-- 

t i v e l y  . 

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 ,  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  b e t w e e n  t h e  c o m b i n a t i o n  p r c p a r a -  

t i o n s  , o n  o n e  h a n d ,  a n d  t h e  c o r r e s p o n d i n q  (of  same 

v i s c o s i t y )  b e t a m e t h a s o n e  p r e p a r a t i o n s ,  o n  t h e  o t h e r  h a n d ,  
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EFFECT OF PHENYLEPHRINE HYDROCHLORIDE 279 

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

v i s c o s i t y  r e a c h e s  v a l u e s  a r o u n d  4 c P ,  b o t h  f o r  PVA14000 

a n d  P V A  72000. 

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  p a r a m e t e r  on  s o l u t i o n  

v i s c o s i t y  seems t o  be  more s t a t i s t i c a l l y  s i g n i f i c a n t  i n  

t h e  c a s e  o f  PVA 7 2 0 0 0  compared t o  t h e  lower m o l e c u l a r  

w e i g h t  p o l y m e r  (PVA 14000) - 

T h e  a b o v e  m e n t i o n e d  f i n d i n g s  d e m o n s t r a t e  t h a t  PVA i s  

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

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

t i o n  w i t h  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 .  

Maximum R e s p o n s e  

F i g u r e s  ( 7  si 8 )  d e p i c t  t h c  d e p e n d e n c y  of t h e  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  of t h a t  f o r  t h e  c o r r c s p o n d i n g  b c t a m c t h a s o n e  

p r e p a r a t i o n  o n  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  s o l u t i o n .  

For b o t h  PV4 14000 a n d  PV? 72000 t h e r e  i s  a t r e n d  

o f  l o w e r i n g  o f  MR p a r a r i e t c r  i,Tith i n c r e a c c d  v i s c o s i t y .  

T h i s  phenomenon i s  more p r o n o u n c e d  f o r  s o l u t i o n s  c o n -  

t a i n i n g  PVA 7 2 0 0 0 .  A t  a v i s c o s i t y  of a r o u n d  4 cP, t h i s  

p o l y m e r  r e d u c e s  t h e  rnaxiirlum r c s p o n s e  € o r  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  t o  a v d l u e  a b o u t  4 O z  t h a t  f o r  t h e  cor rey-  

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 e i t i o n .  

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 ,  r e v e a l s  

t h a t  a l l  t h e  d i f f e r e n c e s  observed  f o r  s o l u t i o n s  c o n -  
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t a i n i n g  P V A  1 4 0 0 0  a r e  i n s i g n i f i c a n t .  F o r  PVA 7 2 0 0 0 ,  o n  

t h e  o t h e r  h a n d ,  t h e  d i f f e r e n c e s  b e t w e e n  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  a n d  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  a r e  s i g n i f i c a i i t  (P = 0 . 0 0 1 )  o n l y  i f  t h e  

v i s c o s i t y  r e a c h e s  v a l u e s  a r o u n d  4 ct'. 

E'or PVA 7 2 0 0 0 ,  t h e  d e p e n d e n c y  o f  t h e  MI< p a r a m e t e r  

on  t h e  s o l u t i o n  v i s c o s i t y  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  

o n l y  t h r o u g h o u t  t h e  r a n y e s  - 1 . 5  - 4 . 5  a n d  - 2 - 4 . 5  c P .  

' r he  r e s u l t s  p r e s e n t e d  a b o v e  p 0 i i ; t  t o  t h a t  PVA i s  a 

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

e f f e c t  of h e t a i i i e t h a s o n e  i n  it,? co i i ib i i i a t ion  p r e p a r a t i o n  

w i t h  p h e n y l c p h r i n e  h y d r o c h l o r i d e .  'i'lic e f f e c t  o f  PVA 

i s  o p t i c a l  a t  a v i s c o s i t y  a r o u n d  4 cP. a n d  seems t o  b e  

inore p r o n o u n c e d  a n d  s i g n i f i c a n t  f o r  I W A  72OOO. These 

c o n d i t i o n s  a r e  n o t  o n l y  o p i t i n a l  f ro in  t h e  vie\,.  p o i n t  o f  

m i n i m i z i n g  t h e  side e f f e c t  o f  b e t a m e t h a s o n e  b u t  a l s o  

f r o m  t h e  v i e w  p o i n t  o f  p o t e n t i a t i n g  i t s  e f f e c t .  

I.'roin t h e  r e s u l t s  o b t a i n e d  i t  c a n  b e  c o n c l u d e d  t h a t :  

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

e n h a n c e  t he  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 .  T h i s  e f f e c t  i s  s o  m a r k e d  t o  t h e  e x t e n t  

t h a t  o n e  may r e d u c e  t h e  s i d e  e f f e c t  of b e t a m e t h a s o n e ,  

by  a b o u t  7 0 %  , s i m p l y  by  t h e  p r o p e r  " a d j u s t m e n t "  

o f  v i s c o s i t y .  
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The benificial effect of increasing the viscosity 

with regard to minimzation of betamethasone side 

effect - in terms of AUC - seems to be limited to 

a very narrow and low viscosity range, viz up to 

about 10 CP at maxiinui:i (D - 0 sec-'1. 
Polymer specificity or polymer to polymer variability 

seems to overlap with the effect to viscosity. 

These findings agree with those reported by Kassem 

et al. (12), Adler et a l .  (13) and Saettone et al. ( 8 )  who 

reported the superiority of PVA to hydroxypropylcellulose 

and PVP. 
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