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ABSTRACT 

The influence of the viscosity and the sur- 
face active characteristics of dextran and polyvi- 
nylalcohol (PVA) solutions on the retention of 
fluorescein in the precorneal area of human eyes 
is investigated. A non-invasive method using a 
slit lamp fluorophotometer is employed. The tear 
elimination coefficient and the AUC value of the 
recorded fluorescence decay curve are calculated. 

The addition of dextran and polyvinylalcohol 
(PVA) to an iso-osmotic buffer solution retards 
the precorneal loss of fluorescein. The instilla- 
tion of a 4.2% PVA solution, however, causes dis- 
comfort, inducing in some cases rapid blinking and 
elimination of the tracer. 
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LUDWIG AND VAN OOTEGHEM 2268 

The comparison of  v e h i c l e s  of  s i m i l a r  v i sco -  
s i t y  bu t  d i f f e r e n t  s u r f a c e  t e n s i o n  shows no s i g n i -  
f i c a n t  d i f f e r e n c e  of  AUC v a l u e s .  The s i g n i f i c a n t  
d i f f e r e n c e  of  t h e  t e a r  e l i m i n a t i o n  c o e f f i c i e n t s ,  
however, sugges t s  a d i f f e r e n t  behaviour of  bo th  
polymers. 

The v iscous  e f f e c t  of  t h e  v e h i c l e  i n f l u e n c e s  
t h e  r e t e n t i o n  o f  t h e  t r a c e r .  But t h e  physicochemi- 
c a l  p r o p e r t i e s  of  t h e  polymers and t h e i r  i n f l u e n c e  
on t h e  t e a r  f i l m  s t r u c t u r e  and on t h e  b l i n k i n g  dy- 
namics seem a l s o  t o  p l ay  an important  r o l e .  

INTRODUCTION 

To prolonge t h e  o c u l a r  c o n t a c t  time and i n  
p a r t i c u l a r  t o  enhance t h e  b i o a v a i l a b i l i t y  of  
d rugs ,  s u i t a b l e  water - s o l u b l e  polymers a r e  added 
t o  ophthalmic v e h i c l e s  [l-31. 

But some v iscos i ty-enhancers  a l s o  e x h i b i t  
s u r f a c e  a c t i v i t y .  Sharma and Ruckenstein demon- 
s t r a t e  t h a t  s u r f a c e  a c t i v e  agen t s  could i n t e rac t  
wi th  t h e  components of t h e  l a c r i m a l  f i l m .  The 
o v e r a l l  effect  may be s t a b i l i z i n g  o r  d e s t a b i l i z i n g  
[ 4 , 5 ] .  Therefore  s u r f a c e  a c t i v e  polymers could in-  
f l u e n c e  t h e  spreading  of  t h e  p reco rnea l  l a c r i m a l  
f i l m ,  t h e  break up t i m e ,  t h e  b l i n k i n g  r a t e  and 
consequent ly  t h e  e l i m i n a t i o n  o f  t h e  drug  i n s t i l -  
l e d .  

The aim o f  t h e  p r e s e n t  work i s  t o  examine t h e  
i n f l u e n c e  of  t h e  v i s c o s i t y  and t h e  s u r f a c e  t e n s i o n  
of  ophthalmic s o l u t i o n s  on t h e  r e t e n t i o n  o f  a 
f l u o r e s c e n t  t r a c e r  i n  t h e  p reco rnea l  a r e a  o f  human 
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VISCOSITY AND SURFACE TENSION OF OPTHALMIC VEHICLES 2269 

eyes. The elimination of the tracer is measured by 
monitoring the fluorescence decay in the tear film 
with a slit lamp fluorophotometer. 

MATERIALS 

1. Tracer 
The tracer selected is sodium fluorescein, 

because of its low toxicity and high fluorescent 
efficiency. The test substance is not irritating 
and is not resorbed in significant amounts through 
the intact corneal and conjunctival epithelium, 
but is lost from the eye via the drainage appara- 
tus [6,7]. 
2. Polymers 

The following polymers at the indicated % 

(w/w) concentration are used, without further pu- 
rification : 
- 5% and 10% dextran, clinical grade average MW 

78500 (Sigma Chemical Company, St Louis MO, 
U S A ) .  

- 1.4%, 2.8% and 4.2% polyvinylalcohol (PVA) Po- 

lyviol W40/140 (wacker Chemie GmbH, Miinchen, 
FRG ) 

3 .  Ophthalmic solutions 
The solutions are prepared by adding the ap- 

propriate amount of polymer to an aqueous iso-os- 
motic phosphate buffer solution pH 7.4 (Ph Helv 
V), containing 0.05% sodium fluorescein. The solu- 
tions are sterilized by aseptic filtration . The 
viscosity, the surface tension and the osmolality 
of the various solutions are determined. 
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2270 LUDWIG AND VAN OOTEGHEM 

METHODS 

1. Viscosity determination 
The viscosity determination on the sterile 

polymer solutions are made at 32°C (corneal sur- 
face temperature) using a capillary Ostwald visco- 
simeter (KPB Viskosimeter Schott Gergte, Mainz, 
FRG), because of their approximating newtonian be- 
haviour [ 8,9 ] . 
2 .  Surface tension measurement 

The surface tension is measured by the Wil- 
helmy plate method, using a Cahn electrobalance. 

Since the equilibrium surface tension of vis- 
cous solution is reached only after several hours, 
the measurement is performed 20 seconds after pou- 
ring the solution in the petri dish. This time pe- 
riod is chosen in relation to the blinking dyna- 
mics in humans and corresponds to the mean BUT 
(tear break up time) of the volunteers. 
3. Osmolality measurement 

The osmolality of each solution is determined 
with a vapor pressure osmometer (model 5500 Wes- 
Cor, Logan UT, USA). 
4. Slit lamp fluorophotometry 

The fluorescence of the tracer in the precor- 
neal tear film is measured with a slit lamp fluo- 
rophotometer, as described in previous communica- 
tions [10,11]. 
5. Instillation procedure and fluorescence monito- 

rinq 
The instillation of the various ophthalmic 

solutions is done to volunteers without ocular 
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VISCOSITY AND SURFACE TENSION OF OPTHALMIC VEHICLES 2271 

d i s o r d e r s ,  aged from 2 5  t o  4 2  y e a r s .  Informed con- 
s e n t  was obta ined  a f t e r  t h e  n a t u r e  of  t h e  procedu- 
re was f u l l y  expla ined .  

A volume o f  lOul of  t h e  s o l u t i o n  i s  i n s t i l l e d  
c a r e f u l l y  i n  t h e  lower c o n j u n c t i v a l  s a c  of t h e  
l e f t  e y e .  Immediately fo l lowing  i n s t i l l a t i o n ,  t h e  
s u b j e c t s  a r e  asked t o  c l o s e  and r o l l  t h e i r  eyes  i n  
o r d e r  t o  mix t h e  t r a c e r  w i th  t h e  r e s i d e n t  l a c r i m a l  
f l u i d .  Afterwards they  behave n a t u r a l l y  and b l i n k  
a s  they  feel  necessary  du r ing  t h e  f luo renscene  mo- 
n i t o r i n g  of  t h e  t e a r  f i l m .  The f l u o r e s c e n c e  decay 
curve  is recorded and analyzed [lO,ll]. 

RESULTS 

1. Phys ica l  c h a r a c t e r i z a t i o n  o f  t h e  ophthalmic so- 

The r e s u l t s  of  t h e  d i f f e r e n t  p h y s i c a l  d e t e r -  
mina t ions  c a r r i e d  o u t  on t h e  d i f f e r e n t  ophthalmic 
s o l u t i o n s  under i n v e s t i g a t i o n  a r e  l i s t e d  i n  t a b l e  

l u t i o n s  

1. 

A l l  s o l u t i o n s  a r e  almost iso-osmotic .  The 
po lyv iny la l coho l  s o l u t i o n s  show a reduced s u r f a c e  
t e n s i o n  wi th  r e s p e c t  t o  t h e  phosphate  b u f f e r  
s o l u t i o n .  
2 .  F luorescence  decav curves 

Schematical  p l o t s  of t h e  f luo rescence  s i g n a l  
of  t h e  t r a c e r  a s  a func t ion  o f  t i m e  are drawn i n  
f i g  1 and 2 .  The ou tpu t  of t h e  f luo rescence  s i g n a l  
i s  expressed i n  a r b i t r a r y  u n i t s .  Those p l o t s  
o r i g i n a t e  from experiments with vo lun tee r  1. 
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LUDWIG AND VAN OOTEGHEM 2272 

TABLE 1. C h a r a c t e r i s t i c s  o f  t h e  Ophthalmic 
S o l u t i o n s  

composi t ion  v i s c o s i t y  s u r f a c e  o s m o l a l i -  
I mPa. s t e n s i o n  l i t y  I 
I mN/m mosm/kg I 
I I 

lphosphate  b u f f e r  0 . 9 8  7 1 . 9  2 8 0  I 
I s o l u t i o n  I 
I +  d e x t r a n  5% 2 . 9  7 1 . 4  2 8 3  I 
I+  d e x t r a n  10% 6 . 7  7 1 . 7  289  I 
I +  PVA 1 . 4 %  2 . 3  44 .2  287  I 
I +  PVA 2 . 8 %  7 . 4  4 3 . 2  300 I 

2 4 . 9  4 3 . 9  308  I I +  4 * 2 %  

A s  shown i n  f i g u r e  1, t h e  a d d i t i o n  o f  d e x t r a n  
h a s  o n l y  a s l i g h t  e f f e c t  on t h e  r e t e n t i o n  o f  t h e  
t r a c e r  i n  t h e  c a s e  o f  v o l u n t e e r  1. I t  is  no ted  
t h a t  4 minutes  a f t e r  a p p l i c a t i o n  more t h a n  90% of  
t h e  d o s e  i n s t i l l e d  i s  l o s t .  

The decay c u r v e s  from t h e  o t h e r  v o l u n t e e r s ,  
however, i n d i c a t e  t h a t  t h e  r a p i d  f l u o r e s c e n c e  
decay s e e n  a f t e r  i n s t i l l a t i o n  o f  t h e  phospha te  
b u f f e r  s o l u t i o n  i s  slow down by t h e  a d d i t i o n  o f  
d e x t r a n  t o  t h e  v e h i c l e .  I n  t h e  c a s e  o f  v o l u n t e e r s  
2,3 and 4, o n l y  75% o f  t h e  d o s e  i s  e l i m i n a t e d  
a f t e r  4 m i n u t e s .  

Both d e x t r a n  s o l u t i o n s  a r e  w e l l  t o l e r a t e d  by 
each  v o l u n t e e r .  I n  g e n e r a l  t h e  v i s c o s i t y  i n c r e a s e  
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VISCOSITY AND SURFACE TENSION OF OPTHALMIC VEHICLES 2273 

of t h e  s o l u t i o n  by dex t r an  reduces t h e  l o s s  o f  t h e  
t r a c e r  from t h e  p reco rnea l  a r e a  of human eyes .  

The 1 . 4 %  PVA s o l u t i o n  has  a s i m i l a r  decay 
p r o f i l e  compared t o  t h e  phosphate b u f f e r  s o l u t i o n  
and t h e  d e x t r a n  s o l u t i o n s  t e s t e d .  An impor tan t  
f l uo rescence  i n c r e a s e  is  observed a f t e r  i n s t i l l a -  
t i o n  o f  a 2 . 8 %  PVA s o l u t i o n  compared t o  t h e  a p p l i -  
c a t i o n  o f  t h e  phosphate b u f f e r  s o l u t i o n .  Moreover 
t h e  decay curve  of  t h e  2 .8% PVA s o l u t i o n  shows an 
example of  i n c r e a s e  o f  f luo rescence  i n t e n s i t y  due 
t o  an invo lon ta ry  f o r c e f u l  b l i n k i n g .  When a volun- 
teer b l i n k s  f o r c e f u l l y ,  l a c r i m a l  f l u i d  is  squeezed 
o u t  of t h e  c o n j u n c t i v a l  s a c ,  r e s u l t i n g  i n  a h ighe r  
volume a v a i l a b l e  f o r  spreading  over  the p r e c o r n e a l  
s u r f a c e .  Concomitantly t h e  t e a r  f i l m  t h i c k n e s s  i s  
inc reased  and an g r e a t e r  amount o f  f l u o r e s c e i n  i s  
i n  c o n t a c t  w i th  t h e  cornea .  

A s  seen  from f i g u r e  2 .  t h e  i n s t i l l a t i o n  of a 
4 . 2 %  PVA s o l u t i o n  causes  about a 2 . 5  f o l d  h ighe r  
f luo rescence  s i g n a l .  This  i n d i c a t e s  an i n c r e a s e  of 
t h e  t e a r  f i l m  t h i c k n e s s ,  s ince  t h e  f l u o r e s c e n c e  
i n t e n s i t y  approximates t h i c k n e s s  x t r a c e r  concen- 
t r a t i o n .  The v i s u a l y  l a r g e r  marginal  t e a r  s t r i p  is  
maintained only  f o r  6 0  t o  9 0  seconds,  because t h e  
d iscomfor t  o f  t h i s  "s t ickyl l  s o l u t i o n  induces r ap id  
b l i n k i n g .  

The 1 . 4 %  and 2 . 8  PVA s o l u t i o n s  a r e  a s  w e l l  
t o l e r a t e d  a s  t h e  5% and 10% d e x t r a n  s o l u t i o n s  by 
each v o l u n t e e r .  A f t e r  i n s t i l l a t i o n  of  t h e  4 . 2 %  PVA 

s o l u t i o n  t h e  v o l u n t e e r s  complain about  a l l s t i c k y l l  
s e n s a t i o n  and sometimes about b l u r r e d  v i s i o n  a t  
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A 0 '/o dextran 
B 5 '/o dextran 
C 10 '/o dextran 

I I 1 4 t&!n) 
1 2 3 

F I G U R E  1. Fluorescence decay curves  ( v o l u n t e e r l )  
A = 0% d e x t r a n  (phosphate  b u f f e r  s o l . )  ; 
B = 5% d e x t r a n  ; C = 10% d e x t r a n  
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A 0 Y o  PUA 
B 1,4 y o  PUA 
C 2,8 y o  PUA 
D 4,2 '/o PUA 

FIGURE 2 .  F l u o r e s c e n c e  decay c u r v e s  ( v o l u n t e e r  1) 

A = 0% PVA (phospha te  b u f f e r  s o l . )  ; 
B = 1 . 4 %  PVA ; C = 2 .8% PVA ; D = 4 .2% PVA 
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the beginning of the test and about discomfort. 
The 4.2% PVA solution does not form immediately a 
homogenous film on the surface of the eye. The en- 
larged marginal tear strip decreases to its normal 
dimensions at about 90 seconds or 3 minutes depen- 
ding on the volunteer. 

3 .  Tear elimination coefficient and AUC of the 
decay curve 
The decay profile recorded after instillation 

of the phosphate buffer solution and the dextran 
solutions obeyes fairly well first order kine- 
tics. The data are subjected to linear regression 
analysis and the first order rate constant, called 
tear elimination coefficient (k), is determined 
for each experiment. The mean of six k values of 
each series of ophthalmic solutions tested and the 
SD values are given in table 2. 

The areas under the decay curves (AUC) are 
also determined. Their values should reflect the 
amount of tracer present in the tear film. 
The summary of the data is presented in table 2. 

The data reported in table 2.  show that gene- 
rallly the addition of dextran prolonges the re- 
tention of the tracer in the precorneal area of 
the eye. The increase of the AUC, in the case of 
volunteer 3 and 4, corresponds to the reduction of 
the elimination rate. 

The addition of polyvinylalcohol to the phos- 
phate buffer solution reduces the elimination rate 
of the tracer, except for volunteer 1. The increa- 
se of the PVA concentration of the ophthalmic ve- 
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h i c l e  r e s u l t s  i n  a moderate  o r  i m p o r t a n t  AUC i n -  
crease. 

The d a t a  from v o l u n t e e r  1 show a h i g h  AUC va- 
l u e  a s s o c i a t e d  w i t h  a h i g h  k v a l u e .  T h i s  pa radox i -  
c a l  phenomenon r e s u l t s  p robab ly  from t h e  discom- 
f o r t  due  t o  t h e  a t h i c k  and " s t i c k y "  t ea r  f i l m  i n -  
duc ing  a h i g h e r  b l i n k i n g  r a t e .  The t e a r  s t r i p  vo- 
lume d e c r e a s e s  r a p i d l y  o c c a s i o n i n g  a h i g h  k v a l u e .  

But accumula t ion  o f  t h e  t racer  i s  observed  a t  
t h e  i n n e r  c a n t h u s ,  p robab ly  due  t o  a s l o w e r  d r a i -  
nage of t h e  v i s c o u s  s o l u t i o n  compared t o  t h e  non- 
v i s c o u s  b u f f e r  s o l u t i o n ,  t h rough  t h e  n a s o  l a c r i m a l  
d u c t .  Thus,  t h e  o v e r a l l  effect  o f  t h e  e n l a r g e d  
m a r g i n a l  t e a r  s t r i p ,  t h e  i n c r e a s e d  t e a r  f i l m  
t h i c k n e s s  and t h e  c o l l e c t i n g  o f  t h e  t racer  a t  t h e  
i n n e r  c a n t h u s ,  i s  a h i g h  AUC v a l u e  i n  comparison 
w i t h  t h e  phosphate  b u f f e r  s o l u t i o n .  

DISCUSSION 

1. I n f l u e n c e  o f  t h e  v i s c o s i t y  
The i n c r e a s e  o f  t h e  v i s c o s i t y  o f  oph tha lmic  

v e h i c l e s  i n  g e n e r a l  p ro longe  t h e  r e t e n t i o n  of t h e  
i n s t i l l e d  t r a c e r  and t h e  amount o f  t r a c e r  p r e s e n t  
a t  t h e  eye  s u r f a c e .  

The Kruska l  W a l l i s  a n a l y s i s  o f  v a r i a n c e  shows 
no s i g n i f i c a n t  d i f f e r e n c e  of k v a l u e s  o f  t h e  dex- 
t r a n  s o l u t i o n s  w i t h  r e s p e c t  t o  t h e  non-v iscous  
phospha te  b u f f e r  s o l u t i o n  a t  t h e  95% l e v e l  o f  con- 
f i d e n c e ,  i n  t h e  c a s e  o f  v o l u n t e e r s  1 and 2 .  The 
d a t a  from v o l u n t e e r s  3 and 4, on t h e  o t h e r  hand,  
i n d i c a t e  a s i g n i f i c a n t  d i f f e r e n c e  f o r  t h e  k v a l u e s  
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of  t h e  d e x t r a n  s o l u t i o n s  compared t o  t h e  k va lue  
o f  t h e  b u f f e r  s o l u t i o n  a t  t h e  99% conf idence  le-  
v e l .  

By i n c r e a s i n g  t h e  PVA c o n c e n t r a t i o n  o f  t h e  
ophthalmic v e h i c l e  a gene ra l  t r end  o f  a dec rease  
of t h e  k v a l u e s  and an i n c r e a s e  o f  AUC i s  noted .  
But a s  mentionned e a r l i e r ,  pa radox ica l  r e s u l t s  of 
h igh  k v a l u e s  a s s o c i a t e d  wi th  high AUC a r e  obser-  
ved i n  t h e  c a s e  of  vo lun tee r  1. 

S t a t i s t i c a l  a n a l y s i s  of  t h e  PVA d a t a  r e v e a l s  
s i g n i f i c a n t  d i f f e r e n c e  f o r  t h e  k va lues  o f  t h o s e  
s o l u t i o n s  compared t o  t h e  b u f f e r  s o l u t i o n  a t  t h e  
95% or  99% conf idence  l e v e l  a s  f a r  a s  v o l u n t e e r s  1 
o r  3 and 4 a r e  concerned. N o  s i g n i f i c a n t  d i f f e r e n -  
ce is  observed wi th  vo lun tee r  2 .  

The marked i n t e r  s u b j e c t  v a r i a t i o n s  observed 
a r e  due t o  i n d i v i d u a l  v a r i a t i o n s  i n  r e a c t i o n  t o  
t h e  d i scomfor t  occassioned by t h e  v i s c o s i t y  o f  t h e  
eye drop.  The acceptance o f  a v i scous  v e h i c l e  
seems t o  be  r e l a t e d  t o  t h e  change o f  t h e  marginal  
t e a r  s t r i p  volume and t h e  b l u r r i n g  of t h e  v i s i o n .  

2. The i n f l u e n c e  of  t h e  n a t u r e  o f  t h e  polymer 
d e d .  - 

The good acceptance of  t h e  d e x t r a n  s o l u t i o n s ,  
which do n o t  reduce t h e  s u r f a c e  t e n s i o n  o f  t h e  ve- 
h i c l e ,  i s  probably due t o  t h e  a d s o r p t i o n  of t h e  
d e x t r a n  molecule t o  the c o r n e a l  s u r f a c e  and l u b r i -  
f i c a t i o n  o f  t h e  o c u l a r  s u r f a c e  [ 1 2 ] .  

Although t h e  a d d i t i o n  of  PVA t o  t h e  v e h i c l e  
i n c r e a s e s  t h e  c o r n e a l  c o n t a c t  t i m e ,  t h e  per iod  
over  which t h e  e y e  i s  exposed t o  h igh  concentra-  
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tions of the tracer is still a few minutes. The 
strong fluorescence, as observed with volunteer 1, 
is indicative of a greater tear film thickness. 
Benedetto and coworkers demonstrate that polyvi- 
nylalcohol produce a thicker tear film, because of 
its water dragging capacity [13]. 

The instillation of the surface active PVA 
solutions causes only discomfort at the highest 
concentration examined. The reduced surface ten- 
sion of the vehicle does not seem to facilitate 
the mixing of the solution with the resident tear 
fluid and the immediate formation of an homoge- 
neous film. 

Some of the present observations are contrary 
to the results of a previous study concerning the 
influence of the non-ionic surfactant polysorbate 
80 on the retention of fluorescein [14]. The vo- 
lunteers complain about mild irritation when a PO- 
lysorbate 80 solution of 0.1% with a surface ten- 
sion of mN/m is applied, while the 2.8% PVA, with 
a surface tension of 43.2 mN/m, is well tolerated 
by each volunteer. Consequently of discomfort of a 
4.2% PVA solution, having a surface tension of 
43.9 mN/m, could be attributed to its viscosity or 
some interactions of the polymer with the tear 
film components. 

The reported data of volunteers 3 and 4 are 
compared. It should be mentioned that volunteers 3 
and 4 have very different mean BUT values (tear 
break up time), under normal conditions, 20 and 5 
seconds respectively. The date show that a 10% 
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TABLE 3. S t a t i s t i c a l  a n a l y s i s  

Comparison 1 . 4 %  PVA v s  5% d e x t r a n  k v a l u e  
v o l u n t e e r  1 P 0.01 

v o l u n t e e r  2 N S  

v o l u n t e e r  4 P 0.05 

Comparison 2 . 8 %  PVA v s  10% d e x t r a n  
v o l u n t e e r  1 N S  

v o l u n t e e r  2 NS 

v o l u n t e e r  3 N S  

v o l u n t e e r  4 P 0.01 

AUC 

NS 
NS 
NS 

NS 
NS 
NS 
NS 

d e x t r a n  s o l u t i o n  produces  a 1 . 8  f o l d  and 2 . 9  f o l d  
AUC i n c r e a s e  ove r  t h e  phosphate  b u f f e r  s o l u t i o n ,  
r e s p e c t i v e l y .  The i n s t i l l a t i o n  of t h e  2.8% PVA so- 
l u t i o n  w i t h  t h e  same v i s c o s i t y  c a u s e s  o n l y  a 1 .5  

and 2 . 1  f o l d  AUC i n c r e a s e .  But s i m i l a r  r e s u l t s  t o  
t h e  10% d e x t r a n  s o l u t i o n  a r e  e x h i b i t  by t h e  more 
v i s c o u s  4.2% PVA s o l u t i o n .  T h i s  s o l u t i o n  p roduces  
a 1 . 8  and 3 f o l d  AUC i n c r e a s e  ove r  the polymer - 
free s o l u t i o n .  The v o l u n t e e r  e x h i b i t i n g  t h e  h igh-  
es t  b l i n k i n g  r a t e  seems t o  be more s e n s i t i v e  t o  
v e h i c l e  v i s c o s i t y  e f f e c t s .  

The k v a l u e s  and AUC d i f f e r e n c e s  among i s o -  
v i s c o u s  v e h i c l e s  a r e  a l s o  ana lyzed  w i t h  a non-pa 
r a m e t r i c  t e s t .  The r e s u l t s  o f  t h e  s t a t i s t i c a l  ana- 
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lysis with the Mann Withney test is summarized in 
table 3 .  

The statistical analysis reveals, however, 
that the AUC differences are not significant, when 
solution of similar viscosity are compared. A l -  

though differences in k values, thus in elimina- 
tion, seem to indicate that the volunteers react 
differently. 

The instillation of water - soluble polymers 
could alter the physicochemical parameters gover 
ning the tear film stability or could change phy- 
siological processes, such as drainage. A l s o  in- 
teractions could occur in the tear film or with 
the mucous layer at the surface of the cornea and 
the conjunctiva. 

CONCLUSIONS 

In conclusion, the addition of viscous poly- 
mers to ophthalmic vehicles prolonge the retention 
of the tracer in the precorneal area of human 
eyes, when they do not cause discomfort. Not only 
the viscous effect, but also the nature of the po- 
lymer seems to play an important role. 

It seems from the results obtained, that the 
use of dextran should be preferred to polyvinylal- 
coho1 for the formulation of ophthalmic solutions 
containing drugs for the external eye. 

Further investigations are needed to clarify 
the possible interaction between the physiochemi- 
cal characteristics of the polymers and the phy- 
siological processes of the eye. 
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