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A B  S TRAC T 

I n  o r d e r  t o  s t u d y  t h e  i n f l u e n c e  of  

c o n t a c t  t i m e  and on t h e  d r a i n a g e  of a 

t h e  d r o p s i z e  on t h e  o c u l a r  

f l u o r e s c e n t  t r a c e r  a non- 

i n v a s i v e  method, u s i n g  a s1 . i t  lamp f l u o r o p h o t o t w t e r  is employed. 

Q u a n t i t a t i v e  measurements of  t h e  f l u o r e s c e n c e  decay  itn t h e  t e a r  

f i l m ,  a f t e r  i n s t i l l a t i o n  of  a n  i so-osmot ic  t r a c e r  so l lu t ion  r an -  

g i n g  i n  volume from 20 t o  1 p l ,  are per formed.  

I n  most cases an  i n i t i a l  f a s t  decay  i s  fo l lowed  by a s lower  

e l i m i n a t i o n  a f t e r  a few m i n u t e s .  The i n i t i a l  phase  of t h e  decay  

p r o f i l e  obeyes f a i t r l y  we11 f i r s t  o r d e r  k i n e t i c s  and [:he t ear  

e l i m i n a t i o n  coe f f  i - c i en t  i s  c a l c u l a t e d .  Impor t an t  i n t r a  and i n t e r  

s u b j e c t  v a r i a t i o n s  are noted. 

I n  c o n t r a s t  t o  r e s u l t s  o b t a i n e d  w i t h  r a b b i t s  no l i n e a r  

r e l a t i o n s h i p  between d r o p s i z e  and 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  

i s  observed .  The e l i m i n a t i o n  c o e f f i c i e n t  i s  i n s e n s i t i v e  t o  t h e  

d r o p s i z e  ove r  t h e  r ange  of 1 t o  10 p l  and sometimes t.0 2 0  ~ 1 .  

I n  g e n e r a l  a d r o p s i z e  s m a l l e r  t h a n  210 p 1  shoulld be  p r e f e r r e d  

t o  improve t h e  t h e r a p e u t i c  e f f e c t  o f  oph tha lmic  d r u g s .  

2 2 3 1  
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2 2 3 2  

INTRODUCTION 

LUDWIG AND VAN OOTEGHEM 

The bioavailability of drugs from topically applied solutions 

depends on the ocular contact time and the course of the amount 

of drug in the precorneal tear film. After instillation, drainage 

of  the administered solution influences the activity of the thera- 

peutic agent, since it removes the drug from the precorneal area, 

making it less available to exert a local effect or to be  absor- 

bed by the ocular tissues ( 1 ) .  

Chrai et a1 demonstrated in rabbits that the rate of drainage 

is related to the volume of fluid instilled. The rate increases 

with increasing volume. They suggested that to optimize the acti- 

vity o f  ophthalmic drugs in humans, the instilled volume should 

be reduced to 5 or 10 p 1  dropsize, instead of 50 p l  drops delive- 

red by commercial dispensers ( 1 ) .  

The aim of the present study is to investigate the influence of 

the dropsize on the precorneal retention of a tracer in human eyes. 

A non-invasive method causing'minimal disturbance was chosen. 

A fluorescent tracer is applied into the conjunctival sac and the 

fluorescence decay in the tear film is monitored with a slit lamp 

fluorophotometer ( 2 ) .  

MATERIALS 

1. Tracer Solutions. 

The tracer selected is sodium fluorescein, because of its low 

toxicity and high fluorescence efficiency. Fluorescein absorbs 

light in the blue region of the visible spectrum with a peak near 

490 nm and fluorescences in the green region with a peak near 
520 nm ( 3 ) .  

Fluorescein is not resorbed through the intact corneal and 

conjunctival epithelium. It follows the normal route of drainage 

of the lacrimal fluid ( 3 , 4 ) .  

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



INFLUENCE OF THE DROPSIZE 2233 

The c o n c e n t r a t i o n  clf t h e  t r a c e r  s o l u t i o n  chosen  i s  based  on t h e  

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

t h e  f l u o r e s c e n c e  s ignLi l  i s  s i t u a t e d  i n  t h e  l i n e a r  r e sponse  r ange  of 

t h e  s l i t  lamp f - luorophotometer  ( 2 ) .  

The aqueous t r n c e r  s o l u t i o n s  a r e  p repa red  by  d i s s o l u t i o n  of 

sodium f l u o r e s c e i n  ( F l u k a )  i n  normal s a l i n e  v e h i c l e  and a f t e r w a r d s  

asc 'ptic f i l t r a t i o n .  The o s m o l a l i t y  of each t e s t  s o l u t i o n  i s  d e t e r -  

m i n e d  u s i n g  a Knauer h a l b  micro  osmometer (Knauer,  Eppelheim,  F K G ) .  

The c h a r a c t e r i s t i c s  o i  t h e  t r a c e r  s o l u t i o n s  a r t '  l i s t l e d  i n  t a b l e  1 .  

2 .  1nstrumentat : ion.  

To measure t h e  decay  of f l u o r e s c e i n  i n  t h e  p r e c o r n e a l  t ear  f i l m  

a f luo ropho tomete r  w a s  deve loped  by mo'difying i t  Haag S t r e i t  360 

s l i t  lamp. A schematic:  d i ag ram of t h e  i n s t r u m e n t  i s  (drawn i n  FIG. 1 .  

The l i g h t  s o u r c e  is t h e  s t a n d a r d  incandescen t  l i g h t  b u l b ,  powe- 

r ed  b y  n r e g u l a t e d  v o l t a g e  supp ly .  I n  o r d e r  t o  be ab1.e t o  work a t  

day l i g h t  a " lock  - i n  a m p l i f i e r "  p r i n c i p l e  was used . .  To implement 

n cohe ren t  o r  synchronous  d e t e c t o r  sys tem,  t h e  e x c i t a t i o n  l i g h t  i s  

modulated a t  333 llz by chopping t h e  beam. A pho tod iode  i n  t h e  chop- 

ped beam i s  used t o  g e n e r a t e d  t h e  r e q u i r e d  r e f e r e n c e  s i g n a l .  The 

e x c i t e r  f i l t e r  ( E )  (Zeiss E r r e g e r f i l t e r  485) i s  mount:ed i n  f r o n t  

of  t h e  chopper-diode u n i t  (CPU). The i l  l u m i n a t i o n  arm and t h e  

microscope  a r m  a r e  locked  a t  an  a n g l e  of 45" from each  o t h e r .  

T h e  p h o t o m u l t i p l i e r  (PM) i s  mounted d i r e c t l y  o n t o  a n  eye -p iece  

o f  t h e  s l i t  lamp, w h i l e  t h e  l e f t  o c u l a r  of t h e  b i n o c u l a r  mic ros -  

cope sys tem enables o b s e r v a t i o n  of t h e  eye  d u r i n g  tht!  expe r imen t .  

The b l u e  l i g h t  of t h e  e x c i t a t i o n  beam from t h e  sl.it lamp c a u s e s  

f l u o r e s c e n c e  of t h e  t r a c e r  i n  t h e  t ea r  f i l m .  T h i s  f l u o r e s c e n c e  i s  

d e t e c t e d  by t h e  p h o t o m u l t i p l i e r  through1 a b a r r i e i r f  i l t e r  (B) 
( Z e i s s  S p e r r f i l t e r  5 2 0 ) .  The p h o t o m u l t i p l i e r  c u r r e n t  i s  c o n v e r t e d  

by  t h e  convec to r  u n i t  (CU) i n t o  a vo l t a .ge  ( S I G )  and f e d  t o g e t h e r  

w i th  t h e  r e f e r e n c e  s i g n a l  (REF)  i n t o  th . e  l ock - in  a m p l i f i e r  (Brook- 
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2234 LUDWIG AND VAN OOTEGHEM 

TABLE 1. Characteristics of the Tracer Solutions. 

Dropsize Concentration Tracer 
( P l )  ( X )  
1 0.5 
5 0.1 

10 0.1 

20 0.05 

power supply 
to CPU cu 

r - - - - -  1 

Osmolality 
(mo sm / kg ) 

355 

305 
305 

294 

FIG. 1. Schematic diagram of the fluorophotometer. 

Legend : L = lamp ; CPU = chopper-diode unit ; 

E = exciterfilter ; B = barrierfilter ; 

CU = convertor unit ; 0 = oscilloscope ; 

LIA = lock-in amplifier ; SIC = signal ; 

REF = reference signal ; REC = chart re- 

corder. 
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INFLUENCE OF THE -DROPSIZE 2235 

d e a l  t y p e  4 0 1 ) .  The o u t p u t  i s  d i s p l a y e d  on a n  o s c i l l o s c o p e  ( 0 )  and 

a x / t  r e c o r d e r  (RIEC) ( P h i l i p s  PM 8125). ,  

The more d e t a i l e d  s p e c i f i c a t i o n s  of t h i s  i n s t r u m e n t  may be  found 

i n  an  e a r l i e r  r e p o r t  ( 2 ) .  

METHOD 

The t r i a l s  were c a r r i e d  o u t  i n  4 male v o l u n t e e r s ,  w i t h o u t  ocu- 

lar  d i s o r d e r s ,  aged 30-40 y e a r s .  Informed consenlt w a s  o b t a i n e d  

from a l l  p a r t i c i p a n t s ,  a f t e r  t h e  n a t u r e  of t h e  pi tocedure w a s  f u l -  

l y  e x p l a i n e d .  

The s u b j e c t  i s  s e a t e d  i n  f r o n t  of t h e  s l i t  lamp and p o s i t i o n e d  

on a c h i n  and head r e s t .  H e  f i x a t e s  on a t a r g e t  t o  e n s u r e  s t a b i l i -  

t y  of t h e  e y e .  The s i z e  of t h e  e x c i t a t i o n  beam i l lumi .na ted  on t h e  

eye i s  2 x 8 mm (wid th  by h e i g h t ) .  Record ings  of t h e  t e a r  f i l m  

f l u o r e s c e n c e  a re  made c e n t r a l l y  n e a r  t h e  l imbus  on t h e  s c l e r a  a t  

t h e  l a t e r a l  can th i i s .  For  t h e  s u b j e c t s  comfor t  and a l s o  t o  a v o i d  

b l u e  l i g h t  h a z a r d s  on t h e  r e t i n a ,  measurements  a r e  n o t  made a t  

t h e  c e n t e r  of t h e  c o r n e a  ( 3 ) .  P r i o r  t o  t h e  expe r imen t s  t h e  a u t o -  

f l u o r e s c e n c e  of t h e  c o n j u n c t i v a  and sc le ra  i s  r e g i s t e r e d .  T h i s  

background f l u o r e s c e n c e  s i g n a l  i s  s u b s t r a c t e d  from a 11 subse-  

quent  r e a d i n g s .  

The i n s t i l l e d  volumes w e r e  s e l e c t e d  based  o n  t h e  work of 

Hishima e t  a l .  ( 5 ) .  The a d m i n i s t r a t i o n  of  a 2 0  p 1  drop  r e s u l t s  

i n  a r e s i d e n t  volume of  2 7  ~1 f l u i d ,  assuming d normal  l a c r i m a l  

f l u i d  volume of 7 p l .  Mishima r e p o r t e d  t h a t  t h e  human e y e  c a n  on- 

l y  h o l d s  about  30 p l  f l u i d  w i t h o u t  s p i l l a g e  and  Ioverflow on t h e  

check .  The re fo re  t r a c e r  s o l u t i o n s  r a n g i n g  from 2 0  t o  1 p l  a r e  ad- 

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

A t  z e r o  t i m e  t h e  r e q u i r e d  volume of  t racer  s o l u t i o n  i s  a p p l i e d  

i n t o  t h e  c o n j u n c t i v a l  sac of t h e  l e f t  eye  w i t h  a Gibson p i p e t t e ,  

a v o i d i n g  c o n t a c t  t o  o c u l a r  t i s s u e  and e y e  l a s h e s .  Immedia te ly  

a f t e r  i n s t i l l a t i o n  t h e  s u b j e c t s  a re  a sked  t o  c lo . se  a n d  r o l l  t h e i r  

e y e s  d u r i n g  5 seconds  i n  o r d e r  t o  mix !:he t racer  w i t h  t h e  resi-  
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2236 LUDWIG AND VAN OOTEGHEM 

dent fluid. Afte.rwards the monitoring of the tear film fluore- 

scence starts. The volunteers are allow to blink freely as they 

feel necessary during the monitoring over a period of 4 minutes. 

The net fluorescence of the tear film as a function of time is 

analyzed and the percentage fluorescence decay i s  calculated. 

The volunteers underwent six trials on succesive days or a 

few days interval. 

RESULTS 

1. Decay profile. 

Typical plots of the change in the fluorescence of the tear 
film are drawn in FIG. 2 and 3 .  

Following topical application of the tracer solution, the 

amount of tracer and consequently the tear film fluorescence de- 

cline very rapidely. The decay profile has a monophasic (FIG. 1 )  

or biphasic pattern (FIG. 2 ) ,  depending on the volunteer. 

In the majority of cases an initial rapid decay is followed 

by a subsequent slower elimination after a few minutes. Thus the 
eye is only exposed during a short period of time to a high 

amount of tracer. 

The rapid fluorescence decay is due to two processes occuring 

simultaneously. Firstly the added volume in excess drains out, 

until it is reduced to the normal lacrimal volume. This drainage 

caused by blinking induces a rapid l o s s  of the tracer from the 
precorneal area. Secondly the applied tracer solution is diluted 

by basal tear production, but especially by reflex tearing indu- 

ced by the instillation of the eye drop. 
The instillation of various volumes of a non-irritating tra- 

cer solution seems to cause a physiological and reflex reaction 

and also blinking. 

2. Tear Elimination Coefficient. 

According to Mishima and to Sdrensen the initial phase of the 
decay profile is fairly well fitted to the exponential pattern 
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INFLUENCE O F  THE D R O P S I Z E  2237 

A 

B 

1 2 3 4 “miq 

FIG. 2 .  Fluorescence decay profile (vcrlunteer 1 ) 

instilled volume : A := 1 p 1  ; B = 5 ~ 1 .  
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A 

1 1 I I 

1 2 3 4 ‘ p -g  

FIG. 3. Fluorescence decay profile (volunteer 2 )  

instilled volume : A = 1 p 1  ; B = 5 p l .  
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INFLUENCE OF THE DROPSIZE 2239 

of e l imina t ion  ( 5 , 6 ) .  The d a t a  a r e  sub jec t ed  to  l i n e a r  r eg res -  

s ion a n a l y s i s  by t h e  methode of l e a s t  squa res .  The f i r s t  o r d e r  

r a t e  cons t an t  f o r  t h e  disappearance of t h e  t r a c e r  from t h e  pre-  

corneal  area oE t h e  eye, c a l l e d  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  k ,  

i s  c a l c u l a t e d  €OK each experiment.  The mean k va lue  of s i x  t r i a l s  

and the s tandard d e v i a t i o n  a r e  summarized i n  t , i b l e  2 .  

Volunteer 1 could no t  ho ld  a d r o p  of 2 0  ~ 1 ,  without  s p i l l a -  

ge and overflow of t e a r s .  Therefore  those  d a t a  were withdrawn. 

Large i n t r a  and i n t e r  v a r i a t i o n s  are observed among t h e  vo- 

l u n t e e r s .  Some SD va lues  appear t o  be q u i t e  l a r g e ,  demonstrat ing 

the v a r i a b i l i t y  of t he  decay f o r  succes ive  measurements on t h e  

same s u b j e c t .  
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2240 LUDWIG AND VAN OOTEGHEM 

2 

NS 

P 0.01 

P < 0.01 

P < 0.01 

P < 0.01 

NS 

TABLE 3. Significance Test - one way analysis of variance - 
of the Tear Elimination Coefficient. 

Qropsize comparisons I Volunteers 

3 4 

N S  P < 0 . 0 1  

N S  NS 

P < 0.05 NS 

N S  NS 

P < 0.01 NS 

N S  NS 

2 0  p 1  v s  10 u1 

5 LJ1 

1 !J1 

10 p 1  vs 5 JJ1 

1 !J1 

5 p l  vs 1 p1 

1 

P < 0.05 

N S  

NS 

The results of the statistical analysis of the data of each 

volunteer separately are given in table 3. 
Thus the general trend seems to be a faster elimination when 

drops of 20 p 1  or in some cases 10 p l  are instilled compared to 

small drops of 5 and 1 pl. 

DISCUSSION 

From the present study no linear relationship between drop- 

size and tear elimination of the tracer is observed. Chrai et 

al.,however, demonstrated in rabbits a linear relationship. The 

rate of drainage increases with increasing instilled volume over 
a range of 5 to 50 J J ~  (1 ) .  But Lee noted in rabbit eyes, that 

the rate constant of elimination of inulin liposomal prepara- 

tions from the lacrimal fluid is insensitive to the volume o f  

the instilled preparations over the range of 10 to 50 p1 ( 7 ) .  

Also Sdrensen showed in human volunteers that the shape of the 

elimination curves of an ophthalmic solution containing a radio- 
active tracer is not influenced by a dropsize of 5 or 15 p l  ( 6 ) .  
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The d i f f e r e n c e  between t h e  work of C h r a i  and t h e  p r e s e n t  s t u -  

dy may be due t o  t h e  much lower  b l i n k i n g  f r e q u e n c y  of  r a b b i t s  

compared t o  m a n ,  r e s p ,  4 t o  6 t i m e s / h  and 600 t o  1 2 0 0  t i m e s / h  

( 7 ) .  

S e v e r a l  a u t h o r s  p o i n t e d  o u t  t h e  ro l e  of b l i n k i n g  f o r  e f f e c -  

t i v e  d r a i n a g e .  T h e r e f o r e  t h e  i n f l u e n c e  of b l  i nk  ing on t h e  f iuo-  

r e s c e n c e  decay i; i n v e s t i g a t e d .  A p p r o p r i a t e  s e t t i n g s  of t h e  Lock- 

i n  a m p l i f i e r  and t h e  r e c o r d e r  a r e  u s e  f o r  t h i s  :study. A l so  a 

0 . 5  Z f l u o r e s c e i n  s o l u t i o n  i n  normal s a l i n e  i s  i n s t i l l e d ,  u s i n g  

r h e  same p rocedure .  From t h e  r e c o r d i n g s  t a k e n  1 0  minu tes  a f t e r  

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

between b l i n k s  c.ln be deduced ( 2 ) .  

The t i m e  i n t e r v a l  between b l i n k s  i s  n o t  c o n s t a n t ,  even f o r  t h e  

same s u b j e c t ,  and v a r i e s  from 7 . t o  35 seconds .  The wide f l u c t u a -  

t i o n s  are i n  agreement  w i t h  o t h e r  s t u d i e s  (9-1 2'). V o l u n t e e r s  ex- 

h i b i t i n g  a r a p i d  t r a c e r  e l i m i n a t i o n  have  m o s t l y  a s h o r t  b l i n k  i n -  

, terval ( 7  t o  10 s e c ) .  These r e s u l t s  i l l u s t r a t e  t h e  i-mportance of 

b l i n k i n g  on t h e  e l i m i n a t i o n  of t h e  t r ace r .  The s e n s i t i v i t y  and t h e  

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

i n  l a r g e  i n t e r  s u b j e c t  v a r i a t i o n s .  

CONCLUSIONS 

A f t e r  i n s f i l l i t t i o n  i n  a c o n v e n t i o n a l  manner ,  a n  oph tha lmic  

s o l u t i o n  d r a i n s  away v e r y  r a p i d l y  f rom t h e  e y e ,  c a u s i n g  a n  impor- 

t a n t  l o s s  of drug .  The i n s t i l l a t i o n  of eye  drop!; provoke a r e f l e x  

r e a c t i o n ,  r e s u l t s n g  i n  b l i n k i n g  and  r e f l e x  t e a r i n g .  

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

i s  i n s e n s i t i v e  t o  t h e  d r o p s i z e  o v e r  a r a n g e  of  1 t o  10 1-11, some- 

times t o  20  p l .  Therefore a d r o p s i z e  smaller t h a n  2 0  J J ~  shou ld  be 

p r e f e r r e d  because  of  a s lower  e l i m i n a t i o n  and c o n s e q u e n t l y  a lon-  

g e r  c o n t a c t  t i m e  and a h i g h e r  a v a i l a b i l i t y  of t h e  d rug  i n  t h e  p re -  

c o r n e a l  area of human e y e s .  
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