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ABSTRACT 

The e f f e c t  of d i f f e r e n t  c o n c e n t r a t i o n s  o f  methyl-  

h y d r o x y e t h y l c e l l u l o s e  on t h e  a c t i v i t y  o f  betamethasone 

( i n c r e a s e  o f  t h e  i n t r a o c u l a r  p r e s s u r e ,  IOP) and phenyl-  

e p h r i n e  h y d r o c h l o r i d e  ( d e c r e a s e  i n  t h e  I O P  and i n c r e a s e  

p u p i l  d i ame te r )  w a s  i n v e s t i g a t e d .  The r e s u l t s  o b t a i n e d  

denanstrate tha t  the parmters of action of betarnethasone 

influenced b solution viscosity only i n  the lower range, v iz<  4 CP 
( D r  0 sec-I) . The pa rame te r s  of a c t i o n  o f  pheny lephr ine  

hydroch lo r ide  a r e  a l s o  dependent  on t h e  v i s c o s i t y  of t h e  

ophthalmic s o l u t i o n .  The d a t a  r e v e a l  t h a t  t h e  dependency 

of drug a c t i o n  on s o l u t i o n  v i s c o s i t y  is r e f l e c t e d  by t h e  

IOP t o  an e x t e n t  g r e a t e r  t h a n  t h a t  by t h e  p u p i l l a r y  

response .  

are  

INTRODUCTION 

Methy lce l lu lose  w a s  used i n  ophthalmology t o  i n c r e a s e  

t h e  v i s c o s i t y  o f  aqueous ophtha lmic  s o l u t i o n s  i n  1945 . (1) 
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1448 KASSEM ET AL. 

I n  1965 o t h e r  workers ( 2 )  int roduced polyvinyl  a lcohol  
(PVA)to ophthalmology and it was proved t h a t  PVA does not  

b lu r  v i s ion  . ( 3 )  

(4 1 I n  1968 a s tudy on hydroxypropylmethylcellu- 
l o s e  which is a d e r i v a t i v e  of methylce l lu lose  w a s  
c a r r i e d  out .  The au tho r s  found .in experiments on human 
sub jec t s  t h a t ,  t h i s  compound has a co rnea l  con tac t  t i m e  
super ior  t o  t h a t  obtained w i t h  PVA. 

The  purpose of t h i s  work (as a series of exper i -  
ments on v i s c o l i z e r s )  was : i) e l u c i d a t i o n  of t h e  
dependency of t h e  in-vivo perfermance of drug on t h e  

v i s c o s i t y  of t h e  ophthalmic prepara t ion ,  ii) e l u c i d a t i o n  
,of optimum cond i t ions  for t he  a p p l i c a t i o n  of v i s c o l i -  
zers i n  ophthalmology , (iii) t o  s tudy t h e  e f f e c t  of 
methylhydroxyethylcellulose on the a c t i v i t y  of ophtha- 
l m i c  so lu t ions  of betamethasone and phenylephrine 
hydrochloride i n  t h e  r a b b i t ' s  eye. Non v iscous  solu- 
t i o n  was used as  a c o n t r o l  

EXPERIMENTAL 

Material8 : 

. Betamethasone (Schering) , phenylephrine hydro- 
ch lo r ide  (Siegfr ied) ,  methylhydroxyethylcellulose 
(Tylose 4000-Hoechst). 

Procedure ; 

Preparat ion of Ophtha lmic  Solu t ions  : 

Ophthalmic s o l u t i o n s  conta in ing  0.05% w/v beta- 
methasone and/or 2.5% w/v phenylephrine hydrochlor ide 
were prepared according t o  t h e  fol lowing procedure : 
Tylose was d isso lved  i n  i s o t o n i c  phosphate b u t f e r  
so lu t ion  ( p H  6 .8) .  Betamethasone was d isso lved  i n  
t h e  least amount (1% of t h e  ophthalmic so lu t ion1  of 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



OPTHALMIC SOLUTIONS 1449 

polyethylene g lyco l  400. Solu t ions  of betamethasone and 
phenylephrine hydrochlor ide ( t h e  l a t t e r  i n  b u f f e r )  were 
mixed w i t h  i s o t o n i c  buffer .  The concent ra t ion  ranges  
of t y l o s e  w a s  : 0,125 - 0 . 5 %  w/v. 

Inves t iga t ion  of t h e  Rheology of ophthalmic Solu t ions :  

The v i s c o s i t y  of t h e  ophthalmic s o l u t i o n s  w a s  
determined using Fer ran t i -Shi r ley  cone and p l a t e  r o t a -  
t i o n a l  viscometer a t  33  & 0.1'. 

Presenta t ion  of t h e  Flow Behaviour : 

An ideal equat ion g iv ing  an i n d i c a t i o n  of t h e  

v i s c o s i t y  of t h e  sys t em a t  n e g l i g i b l e  r a t e s  of shear ,  
and allowing t h e  c a l c u l a t i o n  of t h e  apparent  v i s c o s i t y  
a t  any p a r t i c u l a r  shear ing ra te ,  toge ther  w i t h  t h e  

c h a r a c t e r i z a t i o n  of t h e  flow p a t t e r n  of t h e  system 
under i n v e s t i g a t i o n  was looked a t  among the  equat ions  
avai lable  for  t h e  c h a r a c t e r i z a t i o n  of non-Newtonian 
flow. 
t h e  above mentioned requirements.  

S te iger -Tr ippi  I s  (5) equat ion seemed t o  :EullfiL 

The v i s c o s i t y  was ca l cu la t ed  a t  l o w  l i m i t i n g  l e v e l s  
of shear dictated by t h e  physiology of b l ink ing  i n  t h e  
eye of r a b b i t .  Since t h e  b l ink ing  rate is known t o  be 

very  low i n  r a b b i t  ( 4  times. hr") ( 6 )  t h e  lower l e v e l  
of shear was a va lue  near  t o  zero  ( S O )  t o  r e p r e s e n t  
t h e  non-blinking condi t ions ,  t h i s  was represented  by 
t h e  basic v i scos i ty .  The upper l i m i t  of shear w a s  a 
rate a imi l a r  t o  t h a t  ca l cu la t ed  f o r  human eye du r ing  
b l i n k i n g ( 7 ) ;  a va lue  of 4500 sec" was taken. 

Measurement of I O P  and pupil Diameter : 

Albino r abb i t s  , 1.8 - 2.8 K g  r ece iv ing  green 
fodder were used a8 experimental  animals. I s o t o n i c  
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1450 KASSEM ET AL. 

xylocaine so lu t ion  (1% w/v) was dropped i n t o  the  r a b b i t ' s  
eyes t o  a n a e s t h e t i s e  t h e  cornea. In  a l l  ca ses  t o p i c a l  
doses each of 50 91 of ophthalmic s o l u t i o n  w e r e  appl ied .  
The dose w a s  placed i n  t h e  lower con junc t iva l  sac. Non 
medicated formulat ions were app l i ed  t o  t h e  oppos i te  eye 
which served a s  con t ro l .  Each formulat ion w a s  tested 
i n  each of s i x  r a b b i t s  k e p t  In  a room w i t h  s tandard ized  
i l lumina t ion .  The assigned formulat ion w a s  app l i ed  t o  
t he  r i g h t  eye,  whi le  t h e  c o n t r o l  one was app l i ed  t o  t h e  

l e f t  eye. Before and a f te r  a p p l i c a t i o n  of both c o n t r o l  
and tes t  formulat ions,  t h e  pup i l  diameter and t h e  IOP 
of both eyes w e r e  measured using Haab's pupi l lometer  and 
Maclocof tonometer, r e spec t ive ly ,  every one hour. 

T h e  parameters of a c t i v i t y  of both drugs are: area under 
(or above) t h e  curve,  AUC, maximum response,  MR, t i m e  
of maximum response,  TMR, and du ra t ion  of drug action,DA. 

RESULTS AND DISCUSSION 

The a c t i v i t y  o r  ophthalmic s o l u t i o n s  of hetametha- 
sone or  phenylephrine hydrochloride i n  t h e  eye  of r a b b i t  
was . inves t iga ted  In  r e l a t i o n  t o  t h e  concent ra t ion  of 
methylhydroxyethylcellulose (Tylose) i n  t h e  so lu t ion .  
The concentrat ion of t h e  s o l u t i o n  was 0.05 and 2.5 

percent  with regard t o  betamethasone and phenylerphrine 
hydrochloride,  r e spec t ive ly .  

Betamethasone: 

The e f f e c t  of betamethasone on t h e  t i m e  course  of 
t h e  in t e raocu la r  pressure  was inves t iga t ed  a s  a func t ion  
of t h e  concentrat ion of the  polymer i n  t he  range of 
0 - 0.5 percent .  T h e  r e s u l t s  a r e  presented i n  Figure 1. 
It is obvious from t h e  f i g u r e  t h a t  t y l o s e  markedly 
increases  t h e  e f f e c t  ot t h e  drug on t h e  IOP. I t  is also 
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OPTHALMIC SOLUTIONS 1451 

0 Tost 
0 Control 
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I 

1 I 1 J 
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Fig. ( 1  ) : Intraocular Pressure (in mm.Hg) of Rabbit's 
Eye Post-Instillation of 0.05% (w/v) Beta- 
methasone Ophthalmic Solutions Containing 
Different Concentrations of Methylhydroxy- 
ethylcellulose (Tylose) . D
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1452 UASSEM ET AL. 

evident  t h a t  t he  polymer e x e r t s  i t s  effect  a l r eady  a t  
concent ra t ions  a s  l o w  as 0.125%. 

AUC i n  Rela t ion  t o  Vi scos i ty  of Ophthalmic Solut ion.  

The a rea  under t h e  I O P / t i m e  curve is presented 
i n  Table 1 as a func t ion  of v i s c o s i t y  a t  D = 0 or 
4500 sec-l. 
which r ep resen t s  a high dependency of t h e  AUC a t  low 
v i s c o s i t i e s  and a very l o w  dependency a t  higher visco- 
si t ies . 

The d a t a  ref lect  one and t h e  same behaviour 

-1 A t  D c 0 sec. , t h e  AUC inc reases  g r e a t l y  as  t h e  

v i s c o s i t y  inc reases  to values  approaching 4 CP. I n  t h i s  
range a I-fold inc rease  i n  v i s c o s i t y  b r ings  about a 
3.5-fold inc rease  i n  t h e  AUC. Above 4 cP, on t h e  o t h e r  
hand4 a 4-fold inc rease  i n  v i s c o s i t y  br ings  about  an  
increase  i n  t h e  AUC of only 0.2-fold. 

S t a t i s t i c a l  a n a l y s i s  of t h e  data (table 2 ) r e v e a l s  
tha t  t h e  d i f f e r e n c e s  between t h e  non v iscous  so lu t ion ,  
on one hand, and t h e  v i scous  s o l u t i o n s ,  on t h e  o t h e r  
hand, a r e  h ighly  s i g n i f i c a n t .  

It i s  a l s o  obvious t h a t  t h e  d i f f e r e n c e s  between 
t h e  Indiv idua l  v i scous  s o l u t i o n s  a r e  not  s t a t i s t i c a l l y  
s i g n i f i c a n t .  

The above mentioned r e s u l t s  i n d i c a t e  t h a t ,  t o  
i nc rease  the  amount of drug absorbed (expressed as AUC), 

t h e r e  may be no need t o  raise 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  va lues  higher than  4 CP ( D  SO sec."). 

i n  Rela t ion  t o  Vi scos i ty  of Ophthalmic Solut ion.  

Table (1) dep ic t  t h e  dependency of t h e  MR on t h e  
v i s c o s i t y  of ophthalmic s o l u t i o n  both a t  D r O  and 
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1453 OPTHALMIC SOLUTIONS 

Table ( 1 ) :  Correlation of AUC, MR, TMR and DA 
to the Viscosity of Ophthalmic Solutions 
of Betamethasone Containing Methylhydroxy- 
ethylcellulose (Tylose) 

viscosity (CP) Parameters of Activity 
--I_. - concen- 

tratim D 0 &4500 Mc') la? rn D A  
hnHl.hr1 (mnHg 1 (hr) (hr) -- Sec,l set+ - ----- 

* 
0 %  1.67 1.46 4.33(0.74) 2.67(0.44) 1.5(0.22) 2.0 (0.44) 

0.125% 3.24 3.1 19.17(1.95) 6.67(0.31) 2. (0.45) 4.83(0.17) 
0.25 % 4.81 4.62 19.92(0.71) 7.08(0.95) 2.83(0.40) 5.17(0.17) 
0.5 % 15.87 12.62 22.58(2.58) 6.99(0.54) 1 ( 0 )  5.33(0.21) 

1) m excess to the axrespanding ccntrol viz. corresp~ding sduticyl 
witbut drug. 

Tho vrluor betwoen paronthesee in this tablo crad rubroquont 
u o r  n p n e m t  the atand- orror. 

Table ( 2 ) :  S i g n i f i c a n c e  l e v e l  (value of P) of Rifferences 
in the I O P )  Between Ophthalmic Solutions of 
Betamethasone Contining Methylhydroxethyl- 
cellulose (Tylose) 

0 % with 0.125 % 0.01 0.01 0.1 0.01 
0 % with 0.25 % 0.01 0.01 0.05 0.01 
0 'Y with 0.5 % 0.01 0.01 0.05 0.01 

0.125% with 0.25 % 0.1 0.1 0.1 0.1 
0.125% with 0.5 % 0.1 0.1 0 01 0.1 
0.25 % with 0.5 % 0.1 0.1 0.01 0.1 
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1454 KASSEM ET AL. 

4500 set.-'. It i s  c l e a r  t h a t  t h e  MR-viscosity 
p r o f i l e s  a r e  very s i m i l a r  and r e f l e c t  a high dependency 
of MR on so lu t ion  v i s c o s i t y  i n  t h e  lower v i s c o s i t y  range 
( 4 4 cP ,  D s 0 ~ e c , - ~ ) .  I n  t h e  higher  v i s c o s i t y  range 
( *  4 c P ) , .  On the  other hand, t h e  MR i s  almost Indepen- 

dent  on t h e  v i s c o s i t y  of t h e  ophthalmic so lu t ion .  In  
t h e  lower range, a 1-fold inc rease  i n  v i s c o s i t y  Increases 

t h e  MR 1.5-fold. In  t h e  higher  range, a f.our-fold 
inc rease  i n  v i s c o s i t y  inc reases  t h e  MR only 0.1-fold. 

From t h e  s t a t i s t i c a l  po in t  of view, t h e  d i f f e r e n c e s  
between t h e  non viscous s o l u t i o n  and t h e  viscous ones 
a r e  highly s i g n i f i c a n t  a l r eady  a t  a Tylose concent ra t ion  
a s  low a s  0.125%, ( t a b l e  2 ) .  The d i f f e r e n c e s  between 
t h e  ind iv idua l  v i scous  s o l u t i o n s  a r e  not  s t a t i s t i c a l l y  
s i g n i f  i can t .  

These f ind ings  demonstrate t h a t  t h e  i n t e n s i t y  of 
drug e f f e c t ,  expressed a s  MR, i s  dependent on s o l u t i o n  
v i s c o s i t y  i n  t h e  lower v i s c o s i t y  range v i z .  4cP(D* 0 sec?) . 
TMR i n  Relat ion t o  Vi scos i ty  of 'Ophthalmic Solu t ion  

Table 1 shows t h a t  TMR inc reases  f i rs t  w i t h  s o l u t i o n  
v i s c o s i t y  u n t i l  t h e  l a t t e r  approaches a va lue  of 5 CP 

( D s  0 set.-'). 
t o  a marked ex ten t .  

Beyond t h i s  v i s c o s i t y ,  t h e  TMR decreases  

The s t a t i s t i c a l  a n a l y s i s  of t h e  da t a  ( table  2)  

shows t h a t  t h e  non viscous s o l u t i o n  is  s i g n i f i c a n t l y  
d i f f e r e n t  (P  = 0.05) only from s o l u t i o n s  of a v i s c o s i t y  
of 5 CP (D s 0.0 sec. 1 o r  g r e a t e r .  Also t h e  ind iv idua l  
viscous so lu t ions  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( P = O . O l )  i f  

t h e  v i s c o s i t i e s  l i e  i n  t h e  same range. 

-1 
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OPTHALMIC SOLUTIONS 1455 

DA i n  Rela t ion  t o  V i s c o s i t y  of Ophthalmic Solu t ion .  

Table 1 i l l u s t r a t e s  t h e  dependency of t h e  DA 

i n  r e l a t i o n  t o  t h e  v i s c o s i t y  of ophthalmic s o l u t i o n s  a t  
D . = O  and 4500 sec. . -1 

I t  is  obvious t h a t  t h e  du ra t ion  of drug a c t i o n  i s  
dependent on s o l u t i o n  v i s c o s i t y  only i n  t h e  lower 
v i s c o s i t y  range v i z .  below 4 CP ( D c  0 sec. ) .  In  t h i s  
range, a 1-fold inc rease  i n  v i s c o s i t y  inc reases  t h e  
du ra t ion  of a c t i o n  1.4-fold. Beyond 4 cP,  t h e  DA is 
independent on s o l u t i o n  v i s c o s i t y .  

-1 

S t a t i s t i c a l  a n a l y s i s  of t h e  data ( t a b l e  2 )  shows 
t h a t  t h e  viscous s o l u t i o n s  are s i g n i f i c a n t l y  d i f f e r e n t  
(P = 0.01) from t h e  non viscous s o l u t i o n  even i n  the 
presence of Tylose i n  a concent ra t ion  as  low as 0.125%. 

T h e  i nd iv idua l  v i scous  so lu t ions ,  on t h e  o t h e r  
hand, a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  from each o the r .  

Summarizing, t h e  f ind ings  ,presented under be ta -  
methasone demonstrate t h a t  t h e  parameters of drug 
a c t i o n  a r e  inf luenced by so lu t ion  v i s c o s i t y  only i n  t h e  
lower range of v i s c o s i t y  v iz .  ~ 4 c P  ( D Z O  sec. ) .  Beyond 
t h i s  range, t h e  v i s c o s i t y  of t h e  s o l u t i o n  does no t  
in f luence  t h e  parameters of a c t i v i t y .  

-1 

The dependency of t h e  d i f f e r e n t  parameters of 
a c t i v i t y  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 s  decreases i n  
t h e  order  of AUC > MR > DA > TMR. 

Phenylephrine Hydrochloride . 
The e f f e c t  of methylhydroxyethylcellulose on t h e  

t i m e  course of t h e  IOP and t h e  pup i l  diameter w a s  in -  
ves t iga t ed .  The r e s u l t s  are presented I n  F igures(2  and 3 ) .  
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20 I 
KASSEM ET AL. 

0 Tedt 
0 control 

:: 0.5 % Tylorc 

22 

c 28 

0.25% 7ybm 

Fig. ( 2 ) : Intraocular Pressure (in mm.Hg) of Rabbit's Eye 
Post-Instillation of.25% (w/v) Phenylephrine 
Hydrochloride Solutions Containing Different 
Concentrations of Methylhydroxyethylcellulose 
(Tylose) . 

It is obvious that Tylose enhances the effect of 
phenylephrine hydrochloride on the IOP and that the 
Influence I s  pronounced at polymer concentrations as 
l o w  as 0.125% (figure 2). 

Tylose I s  also found to enhance the mydriatic effect 
of the drug in proportion to the concentrations of the 
polymer. 
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0 Non - Viscous 
0 0.125 % Tyrosr 

0.25 % // 

0 1 2 3 4 5 6  
Time (hr) 

Fig . (  3 1 :  Pupil  Diameter ( i n  mm) of R a b b i t ' s  Eye P o s t -  

I n s t i l l a t i o n  of 2.5% (w/v) Phenylephrine 
Hydrochloride So lu t ions  Containing Di f f e ren t  

Concentrations of Methylhydroxyethylcellulose 

(Tylosel . 

Area Above IOP/Time curve (AAC) i n  Rela t ion  t o  Vi scos i ty  
of Ophthalmic Solut ion.  

Table  3 shows t h e  dependency of t h e  a r e a  above t h e  
I O P / t i m e  curve on s o l u t i o n  v i s c o s i t y  determined a t  
D c O  and 4500 sec. . -1 

The Tab le  demonstrates t h a t  t h e  v i s c o s i t y  of t h e  
so lu t ion  inc reases ,  t o  a g r e a t  ex ten t ,  t h e  AAC on ly  i n  
t h e  lower v i s c o s i t y  range, namely, below 5 CP (D=O sez!). 
In  t h i s  range a 2-fold inc rease  i n  v i s c o s i t y  b r ings  
about 6.3-fold inc rease  i n  AAC. 

Beyond a v i s c o s i t y  of - 5 cP, t h e  AAC is  indepen- 
den t  on s o l u t i o n  v i s c o s i t y .  

From t h e  s t a t i s t i c a l  po in t  of view, t h e  d i f f e r e n c e s  
between t h e  viscous s o l u t i o n s  and t h e  non v iscous  one 
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1458 KASSEM ET AL. 

Tab le  ( 3 ) C o r r e l a t i o n  of  AAC, M R ,  TMR and DA of 
(IOP) t o  V i s c o s i t y  o f  Ophthalmic S o l u t i o n s  
of  Pheny lephr i c  Hydroch lo r ide  C o n t a i n i n g  
Methylhydroxyethylcellulose (Ty lose )  

concen- ViSCOSitY (CP) P a r m t e r s  of Activity --- - 
AAC m T m  PA tration 

D g + - l  =45op hln Hg.hr) (” Hg.) (hr) (hr) -- *=- --- -- 
0 % 1.67 1.46 2.08 (0.39) 1.42 (0.15) 2.33 (0.21) 2.67 (0.21) 

0.125% 3.24 3.1 13.42 (2.26) 3.75 (0.46) 2.67 (0.49) 5 (0.52) 

0.25 % 4.81 4.62 15.13 (3.68) 4.67 (0.7) 3 (0.26) 5.17 (0.31) 

0.5 % 15.87 12.62 15.71 (4.08) 4 (0.48) 1.33 (0.21) 5.5 (0.33) 

are c o n s i s t e n t l y  s i g n i f i c a n t  ( P =  0.011 a l r e a d y  i n  t h e  

p r e s e n c e  of t y l o s e  i n  c o n c e n t r a t i o n s  as  l o w  a s  0.125% 

(Table  5). The d i f f e r e n c e s  between t h e  i n d i v i d u a l  

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

Area Under P u p i l  D i a m e t e r / T i m e  Curve i n  Relat ion t o  
V i s c o s i t y  of  Ophthalmic S o l u t i o n .  

F i g u r e  4 and table  4 i l l u s t r a t e  t h e  dependency 
-1 of AUC on t h e  s o l u t i o n  v i s c o s i t y  a t  D c  0 and 4500 sec. 

It is  obv ious  t h a t  t h e  AUC i n 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  oph tha lmic  s o l u t i o n  t h r o u g h o u t  t h e  
expe r imen ta l  r a n g e  of H 2 - 1 6  CP (D c 0 sec.”). 
Throughout t h i s  r a n g e  a 9- fo ld  increase i n  v i s c o s i t y  
b r i n g s  abou t  1 .2-fold i n c r e a s e  i n  AUC. The ra tes  of 
Increase of t h e  AUC b e f o r e  and beyond 5 CP are different.  
Un l ike  t h e  AAC-for t h e  e f f e c t  on t h e  IOP- t h e  AUC d id  

n o t  r e a c h  an  a s y m p t o t i c  value a t  a v i s c o s i t y  as h i g h  
as 16  CP (Ds 0 sec. ) . For t h e  AAC, t h e  a s y m p t o t i c  
value w a s  r eached  a l r e a d y  a t  a v i s c o s i t y  o f -  5 cP. 

. 

-1 
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- 
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0 i 
A Non - Viscous 
0 0.126 % rylose 
rn 0.2s 96 // 

0 0 . 5  % 4 

A 

1 1 , 1 1 1 1 1  I .  
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12 
c 
c r: 10. 

g 8 -  
Y 

o 8 -  

a 4 -  

2 -  
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,I 
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1 1 . . . 1 1 1 . 1 1  

F i g . (  4 ) :  C o r r e l a t i o n  of t h e  AUC ( P u p i l  D i a m e t e r )  t o  t h e  
V i s c o s i t y  of Ophthalmic S o l u t i o n s  of Phenyl- 

e p h r i n e  Hydrochlor ide Con ta in ing  Methylhydroxy- 
e t h y l c e l l u l o s e  ( T y l o s e ) .  

S t a t i s t i c a l  a n a l y s i s  of t h e  data  revea ls  t h a t  t h e  

v i s c o u s  s o l u t i o n s  are s i g n i f i c a n t l y  (P = 0.01) d i f f e r e n t  

from t h e  non v iscous  s o l u t i o n ,  a l r e a d y  i n  t h e  p re sence  

of 0.125% t y l o s e .  The d i f f e r e n c e s  between t h e  ind iv idua l  
viscous s o l u t i o n s  are s i g n i f i c a n t  (P  = 0.01) o n l y  f o r  
s o l u t i o n s  c o n t a i n i n g  0.125 o r  0.25 and 0.5% of t h e  
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OPTHALMIC SOLUTIONS 1461 

Table ( 5 1: S i g n i f i c a n c e  l e v e l  (value of P) of D i f f e r e n c e s  
i n  t h e  I O P  parameters  Between Ophthalmic 
S o l u t i o n s  of Phenylephr ine  Hydrochlor ide  
Conta in ing  Methylhydroxyethylcellulose(Ty1ose) 

~ - ~ -  

0 % with 0.125 % 0.01 0.01 0.1 0.01 

0 % with 0.25 % 0.01 0.01 0.1 0.01 
0 % with 0.5 % 0.01 0.01 0.01 0.01 

0.125 % with 0.25 % 0.1 0.1 0.1 0.1 

0425 % with 0.5 % 0.1 0.1 0.05 0.05 
0.25 % with 0.5 % 0.1 0.1 0.01 0.01 

polymer. There is  no 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  between 0.125 and 0.25% s o l u t i o n s  of t h e  polymer 
( t ab le  6). 

Maximum Response ( I O P )  I n  R e l a t i o n  t o  V i s c o s i t y  of 
Ophthalmic S o l u t i o n .  

Table  3 demonstrates the dependency of t h e  maximum 
response  t o  phenylephr ine  hydrochlor ide-  i n  terms of 

-1 IOP-in r e l a t i o n  t o  v i s c o s i t y  a t  D s O  and 4500 sec. . 
It i s  e v i d e n t  t h a t  t h e  maximum response  i n c r e a s e  

w i t h  i n c r e a s i n g  v i s c o s i t y  i n  t h e  range  below 5 CP 

(Deosec.-'). I n  t h i s  r ange  a 2-fold i n c r e a s e  i n  v i s c o s i t y  
b r i n g s  about  a 2.3-fold i n c r e a s e  i n  MR. 

Beyond a v i s c o s i t y  of - 5 cP,  on t h e  o t h e r  hand, 
t h e  MR becomes independent on t h e  v i s c o s i t y  of t h e  
ophthalmic s o l u t i o n  even I f  it I n c r e a s e s  t o  16 cP. 
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1462 KASSEM ET AL. 

The s t a t i s t i c a l  a n a l y s i s  of t h e  data ( table  5)shows 
t h a t  t h e  d i f f e r e n c e s  between t h e  v iscous  s o l u t i o n s  and 
t h e  non viscous one a r e  c o n s i s t e n t l y  h ighly  s i g n i f i c a n t .  
The d i f f e r e n c e s  between t h e  ind iv idua l  v i scous  s o l u t i o n s ,  
on the  o the r  hand, are i n s i g n i f i c a n t .  

These f i n d i n g s  r evea l  t h a t  0.125% s o l u t i o n  of t h e  
polymer may be a s  e f f e c t i v e  as s o l u t i o n s  of higher  
polymer concent ra t ion  w i t h  regard  t o  enhancing t h e  
i n t e n s i t y  of drug ac t ion .  

’ 

Maximum Pup i l l a ry  Response i n  Rela t ion  t o  Vi scos i ty  of 
Ophthalmic Solut ion.  

Figure 5 demonstrates t h e  dependency of t h e  
maximum pup i l l a ry  response t o  phenylephrine hydrochlo- 
r ide i n  r e l a t i o n  t o  s o l u t i o n  v i s c o s i t y  a t  D r O  and 
4500 sec. . I t  i s  obvious t h a t  t h e r e  is no pronounced 
dependency throughout t h e  i n v e s t i g a t e d  v i s c o s i t y  range, 
v i z  c 2 - 16 CP (D r O  set.-'). 
t h e  maximum response t a k e s  place only i f  t h e  v i s c o s i t y  
reaches about 16 cP. The d i f f e r e n c e s  between the different 
so lu t ions  are 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= 0.01) on ly  
f o r  0.5% s o l u t i o n  of t h e  polymer compared t o  0.125% 
so lu t ion  or t h e  non v iscous  s o l u t i o n  ( table  6 ) .  

-1 

A measurable inc rease  i n  

The f i n d i n g s  mentioned under (Phenylephrine hydro- 
ch lo r ide )  again demonstrate t h a t  t h e  i n t e n s i t y  of drug 
a c t i o n  i s  not  reflected i n  one and t h e  same way be t h e  
pupi l  diameter and t h e  I.O.P. 

Time of MaxLmum Response(I0P) i n  Rela t ion  t o  Vi scos i ty  

of Ophthalmic Solut ion.  

Table 3 shows t h e  dependency of t h e  t i m e  of maximum 
response- i n  terms of IOP-on t h e  v i s c o s i t y  of ophthalmic 
so lu t ion  a t  D = 0 or 4500 sec.”. The  d a t a  demonstrate a 
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OPTHALMIC SOLUTIONS 1463 

Table ( 6 1 : S i g n i f i c a n c e  level ( v a l u e  'of P) of D i f f e r e n c e s  
i n  t h e  P u p i l  Diameter Between Ophtha lmic  
S o l u t i o n s  o f  Pheny lephr ine  Hydroch lo r ide  
C o n t a i n i n g  Methylhydroxyethylcellulose (Ty lose )  

AUC m 
(mn.hr) (mn) 

Pairs of ccmpariscrl 

0 % w i t h  0.125 % 0.01 0.1 0.1 0.01 
0 % w i t h  0.25 % 0.01 0.1 0.1 0.01 
0 % w i t h  0.5 % 0.01 0.01 0.1 0.01 
0.125% w i t h  0.25 % 0.1 0.1 0.1 0.1 
0.125% w i t h  0. 5 % 0.01 0.01 0.1 0.01 
0.25 % w i t h  0.5 % 0.01 0.1 0.1 0.01 

s l i g h t  i n c r e a s e  i n  t h e  t i m e  of maximum response as t h e  

v i s c o s i t y  i n c r e a s e s ,  i n  t h e  lower v i s c o s i t y  range, t o  
values of  - 5 CP ( D r O  sec. 1. The increase of TMR 

th roughou t  t h i s  r a n g e  is, however, s t a t i s t i c a l l y  in-  
s i g n i f i c a n t  ( table  5 )  . As t h e  v i s c o s i t y  f u r t h e r  

i n c r e a s e s  t o  values approach ing  16  CP (D 2 0 set.-') t h e  

TMR decreases t o  a marked e x t e n t  t o  r e a c h  values less 
t h a n  t h o s e  obse rved  f o r  s o l u t i o n s  of v i scos i t ies  l y i n g  
i n  t h e  r a n g e  - 2-5 cP. 

-1 

The d i f f e r e n c e s  between t h e  TMR of the  s o l u t i o n  of 
1 6  CP on one  hand, and  a l l  o t h e r  s o l u t i o n s ,  on t he  
o t h e r  hand, are c o n s i s t e n t l y  s t a t i s t i c a l l y  s i g n i f i c a n t  

( table 5). 

These f i n d i n g s  demonstrate t h a t  T y l o s e  does no t  
s i g n i f i c a n t l y  i n f l u e n c e  t h e  TMR u n l e s s  t h e  v i scos i ty  
of t h e  oph tha lmic  s o l u t i o n s  r e a c h e s  values  approaching 
1 6  cP. 
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F i g . ( 5 )  : Corre la t ion  of t h e  MR(Pupi1 Diameter) t o  t h e  
Viscos i ty  of Ophthalmic Solu t ions  of Phenyl- 
e p h r i n e  Hydrochloride Containing Methylhydroxy- 
e t h y l c e l l u l o s e  (Tylose) .  

T h i s  behaviour recalls t h a t  observed f o r  t h e  TMR 

t o  betamethasone. 

Time of Maximum Pup i l l a ry  Response i n  Rela t ion  t o  
Viscos i ty  of Ophthalmic Solut ion.  

Figure 6 shows t h e  dependency of t h e  t i m e  of 
maximum p u p i l l a r y  response on t h e  v i s c o s i t y  of t h e  

ophthalmic so lu t ion .  
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Fig .  ( 6 ) :  C o r r e l a t i o n . o f  t h e  TMR ( P u p i l  D i a m e t e r )  t o  t h e  
V i s c o s i t y  of Ophthalmic S o l u t i o n s  of Phenyl- 
e p h r i n e  Hydrochlor ide  Conta in ing  Mcthylhydroxy- 
e t h y l c e l l u l o s e  ( T y l o s e ) .  

It i s  e v i d e n t  t h a t  t h e  TMR .does n o t  depend on t h e  

v i s c o s i t y  of t h e  ophtha lmic  s o l u t i o n  t o  any  marked 

e x t e n t .  The d i f f e r e n c e s  between t h e  d i f f e r e n t  s o l u t i o n s  
are 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  (table 6 )  . 
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Duration of Drug Action ( I O P )  i n  Rela t ion  t o  V i s c o s i t y  

of Ophthalmic Solut ion.  

The du ra t ion  of t h e  a c t i o n  of phenylephrine hydro- 
ch lo r ide  on t h e  I O P  i n  r e l a t i o n  t o ’ t h e  v i s c o s i t y  of t h e  
ophthalmic s o l u t i o n  i s  presented i n  Table 3 . It is 
obvious t h a t  t h e  du ra t ion  of a c t i o n  i s  highly  dependent 
on so lu t ion  v i s c o s i t y  i n  t h e  lower range of v i s c o s i t y  
i.e. va lues  below - 4  CP (D = 0 set.-'). A t  v i s c o s i t i e s  
higher than - 4cP,  t h e  du ra t ion  of drug a c t i o n  becomes 
almost independent on s o l u t i o n  v i s c o s i t 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  ( table  5)  reveals 
t h a t  t h e  non v iscous  so lu t ion  is s i g n i f i c a n t l y  d i f f e r e n t  
( P = O . O l )  from a l l  v i scous  so lu t ions .  The ind iv idua l  
viscous so lu t ions ,  on t h e  o t h e r  hand, do not  s i g n i f i -  
c a n t l y  d i f f e r  from one another.  

Duration of P u p i l l a r y  Response i n  Rela t ion  t o  Viscosity 
OF Ophthalmic Solut ion.  

The dependency of t h e  du ra t ion  of t h e  p u p i l l a r y  
response t o  t h e  drug on t h e  v i s c o s i t y  of t h e  ophthalmic 
so lu t ion  ( a t  D =  0 or 4500 sec. ) i s  presented i n  
Figure 7. 

-1 

I t  I s  obvious t h a t  t h e  du ra t ion  of drug a c t i o n  is 
markedly dependent on t h e  v i s c o s i t y  of t h e  ophthalmic 
so lu t ion  i n  t h e  v i s c o s i t y  range below 4 CP ( D r O  set.-') 
In  t h i s  range a l - f o l d  inc rease  i n  v i s c o s i t y  b r ings  
about a 0.5-fold inc rease  i n  t h e  du ra t ion  of drug ac t ion .  

The dependency of t h e  du ra t ion  of drug a c t i o n  on 
so lu t ion  v i s c o s i t y  is  found t o  decrease i n  t h e  v i s c o s i t y  
range above - 4 CP ( ,- 4-16 cP) . In  t h e  la t ter  range , a 
4-fold inc rease  In  v i s c o s i t y  br ings  about  an inc rease  
i n  t h e  DA of only 0.3-fold. 
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Fig .  ( 7 1 :  C o r r e l a t i o n  of t h e  DA(Pupi1 D i a m e t e r )  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 Phenyl- 
e p h r i n e  Hydrochlor ide Con ta in ing  Methyl- 
hydroxye t h y l c e l  l u l o s e  (Ty 1 ose) . 

S t a t i s t i c a l  a n a l y s i s  of t h e  data ( table  ( ; ) reveals  
t h a t  t he  v i s c o u s  s o l u t i o n s  are s i g n i f i c a n t l y  (P= 0.01) 
d i f f e r e n t  from t h e  non v i s c o u s  s o l u t i o n .  

For t h e  i n d i v i d u a l  v i s c o u s  s o l u t i o n s ,  t h e  d i f f e -  

r e n c e s  are I n s i g n i f i c a n t  f o r  v i s c o s i t i e s  of ~ 1 . 7  and 
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-3.2 CP and significant (P = 0.01) for viscosities of 
-3.2 and 15 CP or - 5  and 16 cP. 

The above mentioned findings demonstrate that 
the parameters of action of phenylephrine hydrochloride 
are dependent on the viscosity of the ophthalmic 
solution in the order : area above (under) the curve > 
maximum response > duration of drug action. 

The data also reveal that the dependency of drug 
action on solution viscosity is reflected by the I O P  to 
an extent greater than that by the pupillary response. 

Comparisone of the data of betamethasone and 
phenylephrine hydrochloride reveal that betamethasone 
action is dependent on the viscosity of the ophthalmic 
solution to an extent greater than that of phenylephrine 
hydrochloride action. 

This work will be completed by the use of polyvinyl- 
alcohol (as viscolizer) and a general discussion on the 
use of viscolizers and on the usefulness of a combination 
of betamethasone and phenylephrine hydrochloride in terms 

, of minimizing of the side effect of the anti-inflammatory 
drug betamethasone will be carried out. 
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