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ABSTRACT 

-- I n  v i t r o  r a b b i t  corneal  pene t ra t i on  s tud ies  were designed 

t o  determine t h e  e f f e c t  tobramycin (an a n t i b i o t i c )  has on the 

d i f f u s i o n  o f  ke to ro lac  tromethamine ( a  nons te ro ida l  a n t i -  

inf lammatory compound). Evaluat ion was performed i n  two 

v e h i c l e  s o l u t i o n s :  ( 4 )  a s imple sodium c h l o r i d e  v e h i c l e  and 

(11) a s u i t a b l e  ophthalmic formulat ion.  Q u a n t i t a t i o n  o f  bo th  

ke to ro lac  tromethamine and tobramycin were performed t o  

determine t h e  corneal  pene t ra t i on  o f  each drug. Tobramycin was 

found t o  penetrate r a b b i t  cornea t o  a l i m i t e d  extent .  Also, 
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1780 LIDGATE, FU, AND FLEITMAN 

tobramycin proved n e i t h e r  t o  impede no r  enhance k e t o r o l a c ' s  

corneal  d i f f u s i o n .  Both compounds showed g r e a t e r  pene t ra t i on  

i n  an ophthalmic formulat ion,  presumably due t o  t h e  e f f e c t s  o f  

t h e  p rese rva t i ve ,  benzalkonium c h l o r i d e  ( a  quaternary ammonium 

compound) -- known f o r  d i s r u p t i n g  corneal  i n t e g r i t y .  

INTRODUCTION 

Tobramycin i s  a water s o l u b l e  aminoglycosidic a n t i b i o t i c  

(F igu re  1) having a broad spectrum o f  a c t i o n  aga ins t  both gram 

negat ive and gram p o s i t i v e  b a c t e r i a .  

a n t i b i o t i c s  a re  use fu l  i n  t r e a t i n g  o c u l a r  i n f e c t i o n s  and a re  

used p r o p h y l a c t i c a l l y  before and a f t e r  o c u l a r  surgery.  

Tobramycin ( a  p o l y c a t i o n i c  and h i g h l y  p o l a r  compound) 

demonstrates g rea te r  e f fec t i veness  and fewer s i d e  e f f e c t s  when 

compared w i t h  gentamicin'  ' 2  o r  chloramphenicol . 

Aminoglycoside 

1 

3 

Ketorolac,  25-( benzoyl ) -3H-1,2-di hydropyrro l  o-[ 1 ,2a]- 

pyrro le-1-carboxy l ic  ac id ,  is a potent  analges ic  and 
4 ant i - in f lammatory compound; i t  has been shown p r e v i o u s l y  t o  

penetrate r a b b i t  cornea i n  both t h e  i on i zed  and unionized 

forms. The water so lub le  tromethamine s a l t  o f  ke to ro lac  i s  

c u r r e n t l y  being developed f o r  t reatment o f  post -surg ica l  o c u l a r  

inf lammation. Ketoro lac,  w i th  a pKa o f  3.54, i s  n e g a t i v e l y  

charged a t  p h y s i o l o g i c a l  pH and thus, can i o n - p a i r  w i t h  ca t i ons  

present i n  s o l u t i o n .  
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CORNEAL PERMEABILITY OF KETOROLAC TROMETHAMINE 1781 

NHa 

Figure 1 : Tobramycin 

P o t e n t i a l  development o f  a combination product  con ta in ing  

both tobramycin and ke to ro lac  tromethamine l e d  t o  the c u r r e n t  

study. I n  v i t r o  r a b b i t  corneal  pene t ra t i on  o f  ke to ro lac  was 

evaluated i n  t h e  presence o f  tobramycin. The under l y ing  

quest ion i s  whether tobramycin a l t e r s  pene t ra t i on  o f  ke to ro lac  

through r a b b i t  cornea. 

Two sets  o f  s tud ies  were performed t o  evaluate tobramycin 's 

e f f e c t  on ke to ro lac  pene t ra t i on .  I n  t h e  f i r s t  study, t he  

e f f e c t  o f  adding tobramycin was evaluated i n  a s imple 

k e t o r o l a c / s a l i n e  s o l u t i o n .  The second study was designed t o  

evaluate tobramycin and ke to ro lac  i n  a s u i t a b l e  ophthalmic 

v e h i c l e  con ta in ing  e x c i p i e n t s  f o r  enhanced s t a b i l i t y .  

l a t t e r  f o rmu la t i on  was n o t  used f o r  a l l  s tud ies  because i t  

conta ins benzalkonium c h l o r i d e  and edetate disodium; 

This 
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1782 LIDGATE, FU, AND FLEITMAN 

benzalkonium c h l o r i d e  has been shown t o  d i s r u p t  t h e  i n t e g r i t y  

o f  t h e  cornea's e p i t h e l i a l  membrane, 5,6,7,8 and edetate 

disodium can produce broadening o f  i n t e r c e l l u l a r  spaces i n  bo th  

t h e  e p i t h e l i u m  and endothel ium. 9'10 The e f f e c t  o f  these 

e x c i p i e n t s  would r e s u l t  i n  increased s o l u t e  p e r m e a b i l i t y  

through t h e  cornea. 

E X  PER I MENTAL 

M a t e r i a l s  - Ketoro lac tromethamine was obtained f rom t h e  

I n s t i t u t e  o f  Organic Chemistry, Syntex Corporat ion.  Tobramycin 

was received from Sigma having a potency o f  935 pg/mg. 

14C-glycerol (15.76 mCi/mmole) was obta ined f rom NEN w i t h  a 

s were reagent radiochemical  pur  

grade and used as 

ADDaratus - A 

t y  o f  90%. A l l  o t h e r  chemica 

received. 

mod i f i ed  Franz d i f f u s i o n  c e l l  c o n s i s t i n g  o f  

an 8.0 mL g lass  recep to r  c e l l  a long w i t h  a t e f l o n  donor c e l l  

were used f o r  t h e  p e n e t r a t i o n  experiments (F igu re  2) .  A s i d e  

arm al lowed sampling o f  t h e  recep to r  phase. The donor c e l l  was 

recessed t o  accommodate corneal  curvature.  A 0.3 mL volume o f  

donor s o l u t i o n  was placed on t h e  e p i t h e l i a l  s i d e  o f  t h e  cornea, 

and evaporat ion o f  t h i s  donor s o l u t i o n  was d imin ished by 

s e a l i n g  a g lass  c o v e r s l i p  over t h e  opening o f  t h e  donor c e l l  

w i t h  s i l i c o n  grease. To ensure corneal  cu rva tu re  throughout 

t h e  course o f  t h e  experiment, a 1.0 mL l a t e x  b u l b  was placed 

over t h e  sampling p o r t  o f  t h e  g lass  d i f f u s i o n  c e l l .  By so 
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CORNEAL PERMEABILITY OF KETOROLAC TROMETHAMINE 1783 

Figure 2: D i f f u s i o n  Apparatus 

doing, enough pressure was exer ted under t h e  cornea t o  mainta in  

a curved, w r ink le - f ree  membrane. 

through the  water j a c k e t  surrounding the  recep to r  c e l l .  A 

magnetic s t i r  ba r  placed i n  t h e  bottom o f  t he  recep to r  c e l l  

maintained homogeneity w i t h i n  the  recep to r  s o l u t i o n .  

Water a t  37OC was c i r c u l a t e d  

Cornea Preparat ion - New Zealand wh i te  r a b b i t s  weighing 3.5 

t o  4 kg were used f o r  the s tud ies .  

r a p i d  i n j e c t i o n  o f  1.25 mL/kg o f  T-61 Euthanasia S o l u t i o n  

(American Hoechst Corp., Animal Heal th  D i v i s i o n ,  Somervi l le,  

NJ) i n t o  a marginal  ear vein.  The cornea were c a r e f u l l y  

removed along w i t h  2 - 4 mm o f  surrounding s c l e r a l  t i s s u e  then 

placed i n  a b u f f e r  conta in ing:  0.57% sodium ch lo r i de ,  0.361% 

Rabbits were s a c r i f i c e d  by 
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1784 LIDGATE, FU, AND FLEITMAN 

sodium bicarbonate,  0.04% potassium c h l o r i d e ,  0.023% potassium 

phosphate d i b a s i c ,  0.007% magnesium s u l f a t e ,  0.08% ca lc ium 

c h l o r i d e ,  and 0.133% adenosine i n  water, ad jus ted  t o  pH 7.4.  

This b u f f e r  was used as recep to r  s o l u t i o n  f o r  a l l  s tud ies ;  i t s  

s e l e c t i o n  was based on t h e  a b i l i t y  t o  ma in ta in  corneal  

i n t e g r i t y ”  throughout t h e  d i f f u s i o n  s tud ies .  

Experimental Procedure - A f r e s h  cornea was placed between 

t h e  t o p  and bottom o f  t h e  t e f l o n  donor c e l l ;  t h i s  u n i t  was then 

clamped onto t h e  g lass recep to r  c e l l .  The recep to r  c e l l  was 

f i l l e d  w i t h  s t e r i l e ,  degassed b u f f e r  s o l u t i o n ;  a l l  a i r  bubbles 

were expel led f rom beneath t h e  cornea by i n v e r t i n g  t h e  e n t i r e  

d i f f u s i o n  c e l l  and a l l o w i n g  bubbles t o  t r a v e l  o u t  t h e  sampling 

p o r t .  A f t e r  donor s o l u t i o n  was placed on t h e  cornea, a 0.3 mL 

sample o f  recep to r  s o l u t i o n  was c o l l e c t e d  a t  t h e  f o l l o w i n g  t ime 

p o i n t s :  15, 30, 45, 60 and 120 minutes. The 0.3 mL a l i q u o t  was 

replaced a t  each t ime p o i n t  w i t h  f r e s h  b u f f e r  s o l u t i o n .  

PreDarat ion o f  Test So lu t i ons  - 1 .  To determine k e t o r o l a c  

corneal  d i f f u s i o n  i n  t h e  presence o f  tobramycin, and t o  

determine a dose e f f e c t ,  a s a l i n e  v e h i c l e  was u t i l i z e d  t o  avo id  

p o t e n t i a l  compl icat ions by e x c i p i e n t s .  The f o l l o w i n g  s o l u t i o n s  

were i s o t o n i c  and prepared a t  pH 7.4: 

( a )  0.5% ke to ro lac  tromethamine, 

0.79% sodium c h l o r i d e ,  

p u r i f i e d  water; 
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CORNEAL PERMEABILITY OF KETOROLAC TROMETHAMINE 1785 

( b )  (a )  w i t h  0.15% tobramycin; 

( c )  (a)  w i t h  0.30% tobramycin; 

( d )  (a )  w i t h  0.60% tobramycin. 

2. To eva uate whether 0.30% tobramycin (a c l i n i c a l l y  

acceptable and e f f i c a c i o u s  concen t ra t i on )  has an e f f e c t  on 

ke to ro lac  corneal  d i f f u s i o n  when admin is tered i n  a more complex 

veh ic le ,  an i s o t o n i c  s o l u t i o n  a t  pH 7.4 was made which 

contained t h e  f o l l o w i n g :  

( a )  0.5% ke to ro lac  tromethamine, 

0.79% sodium c h l o r i d e ,  

edetate d i  sod4 um, 

benzal kon i  um c h l o r i d e ,  

p u r i f i e d  water; 

( b )  (a )  w i t h  0.30% tobramycin. 

l 4 ~ - s 1 v c e r o l  Pene t ra t i on  - TO mon i to r  corneal  i n t e g r i t y  

throughout t h e  course o f  t h e  p e r m e a b i l i t y  s tud ies ,  

14C-glycerol  p e n e t r a t i o n  was evaluated. 

g l y c e r o l  was i nco rpo ra ted  i n t o  se lected t e s t  s o l u t i o n s  ( l a  and 

d, above). For c o n t r o l s ,  two a d d i t i o n a l  i s o t o n i c  t e s t  

s o l u t i o n s  were made a t  pH 7.4: 

Nonionized 1 4 C -  

( 1 )  phosphate b u f f e r e d  s a l i n e ;  

( 2 )  0.6% Tobramycin i n  phosphate b u f f e r e d  s a l i n e .  

To a 2.0 mL a l i q u o t  o f  each t e s t  s o l u t i o n ,  10 pL o f  14C- 

g l y c e r o l  was added. A t  designated t ime i n t e r v a l s ,  0.3 mL o f  
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1706 LIDGATE, FU, AND FLEITMAN 

recep to r  s o l u t i o n  was sampled f o r  s c i n t i l l a t i o n  count ing 

(Beckman model LS 8100). 

A n a l y t i c a l  Methods - 1. Q u a n t i t a t i o n  o f  ke to ro lac  was 

performed by HPLC. 

water and g l a c i a l  a c e t i c  a c i d  (65:34:1). The equipment 

included: a Spectra - Physics 8440 U V / V l s  de tec to r ;  a Spectra - 

Physics 4270 i n t e g r a t o r ;  a Spectra - Physics 8700 so l ven t  

d e l i v e r y  system; a Dynatech autosampler; and a Whatman P a r t i s i l  

ODs 3 ,  10 micron column. The mobi le phase f l o w  r a t e  was 1.0 

mL/min; t he  sample i n j e c t i o n  volume was 50 ML; and the  

absorbance wavelength was 254 nm. A 100 pL a l i q u o t  o f  each 

sample was d i l u t e d  w i t h  150 pL o f  mobi le phase. 

2. Q u a n t i t a t i o n  o f  tobramycin was performed us ing the  Syva 

E M I T  Tobramycin assay k i t .  The assay i s  an enzyme immunoassay 

intended t o  q u a n t i t a t i v e l y  analyze tobramycin i n  human serum o r  

plasma; the  l i m  t o f  d e t e c t i o n  is 1 . 0  pg/mL. The assay i s  

based on compet t i o n  f o r  ant ibody s i t e s  between f r e e  drug i n  

sample and drug labeled w i t h  glucose-6-phosphate dehydrogenase 

(6-6-P-DH). 

w i t h  ant ibody, tobramycin concentrat ion can be measured i n  

terms o f  enzyme a c t i v i t y .  A c t i v e  enzyme converts ox id i zed  

n icot inamide adenine d i n u c l e o t i d e  (NAD) t o  NADH. This 

conversion r e s u l t s  i n  an absorbance change t h a t  i s  measured 

The mobi le phase was composed o f  methanol, 

Since G-6-P-DH a c t i v i t y  decreases upon b i n d i n g  
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CORNEAL PERMEABILITY OF KETOROLAC TROMETHAMINE 1787 

spect rophotometr ica l ly .  

contained the  f o l l o w i n g :  

The Syva E M I T  Tobramycin Reagent k i t  

(a)  Reagent A - Antibody/Substrate Reagent 

conta in ing:  - sheep an t ibod ies  r e a c t i v e  t o  tobramycin 

- glucose-6-phosphate 

- nicot inamide adenine d i n u c l e o t i d e  (NAD) 

- T r i s  b u f f e r ;  

(b )  Reagent B - Enzyme Reagent 

con ta in ing :  - tobramycin labeled w i th  G-6-P-DH 

- T r i s  b u f f e r ;  

( c )  B u f f e r  - T r i s  b u f f e r ;  

(d )  C a l i b r a t o r s  - 0,1,2,4,8,16 pg/mL tobramycin i n  human 

serum. 

RESULTS AND DISCUSSION 

Each experiment was performed w i t h  matched con t ro l s ;  t h a t  

i s ,  f rom a s i n g l e  r a b b i t ,  one cornea was t r e a t e d  w i t h  a 

ke to ro lac  ( c o n t r o l )  s o l u t i o n ,  and t h e  o t h e r  cornea was t r e a t e d  

w i t h  the ke to ro lac  and tobramycin s o l u t i o n .  Each t e s t  s o l u t i o n  

con ta in ing  tobramycin was evaluated i n  t r i p l i c a t e .  For t h e  

study us ing the  s imple i s o t o n i c  veh ic le ,  data f o r  n ine  c o n t r o l  

corneas were generated. The ke to ro lac  pene t ra t i on  p r o f i l e  f o r  

a l l  these cornea i s  shown i n  F igure 3 .  Since these were c o n t r o l  

cornea, each is f rom a d i f f e r e n t  r a b b i t ;  hence, t h e  d e v i a t i o n  

shown.at each t ime  p o i n t  g ives an i n d i c a t i o n  o f  both the  
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Figure 3: 

25 I 

D i f f u s i o n  data f o r  ke to ro lac  tromethamine c o n t r o l  
corneas (each p o i n t  represents the  mean S.D. f o r  
n = 9) 

b i o l o g i c a l  as w e l l  as experimental d e v i a t i o n  i nhe ren t  t o  t h i s  

type o f  study. 

An i n d i c a t i o n  o f  corneal  i n t e g r i t y  throughout the  course o f  

these s tud ies was determined by pene t ra t i on  o f  14C-glycerol.  

Changes i n  t h e  p e r m e a b i l i t y  p r o f i l e  o f  14C-glycerol can be 

a t t r i b u t e d  t o  corneal  a l t e r a t i o n  o r  damage . Se lec t  veh ic les  

were chosen t o  evaluate whether corneal  damage could be 

a t t r i b u t e d  t o  a p a r t i c u l a r  compound o r  combination. 

ophthalmic fo rmu la t i on  con ta in ing  benzalkonium c h l o r i d e  was n o t  

evaluated; t h e  presence o f  benzalkonium c h l o r i d e  has p r e v i o u s l y  

demonstrated e levated 14C-glycerol ~ e n e t r a t i o n . ~  With 

phosphate bu f fe red  s a l i n e  se rv ing  as c o n t r o l ,  a two o r  

9 

The 
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TABLE I 

14C-Glycerol Pene t ra t i on  Through Rabbi t  Cornea 

Percent o f  I n i t i a l  
Counts per  Minute 

Preparat ion a t  60 min a t  120 min 

Phosphate Buf fered S a l i n e  2.10 7.36 

Ketoro 1 ac Tromet hami ne 
i n  Sa l i ne  2.47 8.60 

Tobramyc 1 n (0.6%) i n 
Phosphate Buf fered Sa l i ne  1.83 7.08 

Ketoro lac Tromethamine and 
Tobramycin (0.6%) i n  Sa l i ne  2.01 6.03 

t h r e e - f o l d  increase i n  14C-glycerol p e n e t r a t i o n  would 

i n d i c a t e  s u b s t a n t i a l  corneal  a l t e r a t i o n .  Table I shows t h a t  

14C-glycerol  p e n e t r a t i o n  i n  a s o l u t i o n  c o n t a i n i n g  k e t o r o l a c  

tromethamine, o r  0.6% tobramycin, o r  t h e i r  combination, does 

n o t  d i f f e r  from i t s  p e n e t r a t i o n  i n  bu f fe r ,  a lone. These 

r e s u l t s  suggest t h a t  corneal  i n t e g r i t y  i s  n o t  a l t e r e d  by 

ke to ro lac  tromethamine o r  tobramycin. 

F igures 4, 5 and 6 compare t h e  average t o t a l  m i l l i g r a m s  o f  

ke to ro lac  p e n e t r a t i n g  t h e  cornea a t  each t ime p o i n t  f o r  t h e  

s imple s o l u t i o n s  c o n t a i n i n g  ke to ro lac  alone and s o l u t i o n s  

c o n t a i n i n g  e i t h e r  0.15%, 0.30% o r  0.60% tobramycin, 
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F i g u r e  4: Comparison o f  k e t o r o l a c  p e n e t r a t i o n  f o r  a s lmple  
k e t o r o l a c  s o l u t i o n  ( c o n t r o l )  and t h e  same c o n t a i n i n g  
0.15% tobramycin (each p o i n t  r e p r e s e n t s  t h e  mean fi 
S.D. f o r  n = 3)  

0-0 CONTROL 
V- - V 0.3% TOBRAMYCIN T 

30 

TIME (min) 

F i g u r e  5 :  Comparison o f  k e t o r o l a c  p e n e t r a t i o n  f o r  a s imple  
k e t o r o l a c  s o l u t i o n  ( c o n t r o l )  and t h e  same c o n t a i n i n g  
0.30% tobramycin (each p o i n t  r e p r e s e n t s  t h e  mean 5 
S.D. f o r  n = 3 )  
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Figure 6: Comparison of ke to ro lac  pene t ra t i on  f o r  a s imple 
ke to ro lac  s o l u t i o n  ( c o n t r o l )  and t h e  same con ta in lng  
0.60% tobramycin (each p o i n t  represents t h e  mean 
S.D. f o r  n = 3) 

r e s p e c t i v e l y .  I n  a l l  cases, t he  s o l u t i o n s  con ta in ing  

tobramycin were equ iva len t  t o  the  c o n t r o l  s o l u t i o n .  

F igure 7 l i k e w i s e  compares the  average t o t a l  m i l l i g r a m s  o f  

ke to ro lac  p e n e t r a t i n g  t h e  cornea a t  each t i m e  p o i n t  f o r  t he  

ophthalmic fo rmu la t i on  w i t h  and w i t h o u t  0.30% tobramycin. 

Again, t he  t e s t  s o l u t i o n  and the  c o n t r o l  s o l u t i o n  were 

equiva lent .  Studies w i t h  the  fo rmu la t i on  demonstrated t h a t  

a f t e r  60 minutes, t h e r e  occurs a two t o  t h r e e  f o l d  increase i n  

ke to ro lac  d i f f u s i o n .  This enhanced pene t ra t i on  l e d  t o  the  

pronounced a l t e r a t i o n  i n  curve shape, apparent i n  F igure 7. 

Enhanced pene t ra t i on  seen w i t h  t h i s  fo rmu la t i on  can be 

a t t r i b u t e d  t o :  ( i )  d i s r u p t i o n  o f  t h e  i n t e g r i t y  of t h e  corneal  
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F igure 7: Comparison o f  ke to ro lac  pene t ra t i on  f o r  t h e  
ke to ro lac  ophthalmic s o l u t i o n  and t h e  same 
con ta in ing  0.30% tobramycin (each p o i n t  represents 
the  mean 5 S.D. f o r  n = 3)  

ep i the l i um by benzalkonium c h l o r i d e ;  (11) expansion o f  

e p i t h e l i a l  i n t e r c e l l u l a r  spaces by edetate disodium; and/or 

(iii) format ion o f  a more l i p i d  so lub le  complex between 

benzalkonium c h l o r i d e  and ke to ro lac .  Evidence suggest ing t h i s  

l a t t e r  mechanism has been shown p r e v i o u s l y  , and t h e  data 

presented here i s  cons i s ten t  w i t h  those f i n d i n g s .  

4 

Because the  Syva E M I T  immunoassay i s  intended f o r  

tobramycin q u a n t i t a t i o n  i n  human serum, concern arose as t o  

whether tobramycin could be detected i n  the b u f f e r  system used 

f o r  t h e  pene t ra t i on  s tud ies;  a l so ,  t h e  p o s s i b i l i t y  e x i s t e d  t h a t  

ke to ro lac  might i n t e r f e r e  w i t h  the  tobramycin assay. Evaluat ion 

o f  t h e  assay l i m i t s  showed t h a t  accurate q u a n t i t a t i o n  o f  
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TABLE I1 

Tobramycin Content i n  Receptor S o l u t i o n  
a f t e r  Two Hours o f  D i f f u s i o n  Study 

I. I s o t o n i c  S o l u t i o n  

0.15% Tobramwin i n  donor s o l u t i o n 1  

( 1 )  ND 
( 2 )  1.1 pg/mL 
(3 )  ND 

0.30% Tobramycin i n  donor s o l u t i o n  

(1 )  1 .3  pg/mL 
( 2 )  < 1 .O pg/rnL 
(3 )  1.1 pg/mL 

0.60% TobramycSn i n  donor s o l u t i o n  

(1) < 1.0 pg/mL 
( 2 )  ND 
(3 )  3.1 pg/mL 

11. Ophthalmic S o l u t i o n  

0.30% Tobrarnycin 

(1) 4.0 pg/rnL 
(2) 3.8 pg/mL 
(3)  3.9 pg/mL 

ND = n o t  de tec tab le  

lThe remainder o f  t h e  donor s o l u t i o n  conta ins 0.5% ke to ro lac  
tromethamine and 0.79% sodium c h l o r i d e  i n  water.  
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tobramycin was poss ib le  i n  t h e  b u f f e r  o f  i n t e r e s t ,  and the  

l e v e l s  of ke to ro lac  present,  even a f t e r  two hours (about 

0.01 mg/mL), d i d  n o t  i n t e r f e r e  w i t h  t h a t  q u a n t i t a t i o n .  Table 

I 1  shows t h e  l e v e l s  o f  tobramycin present f o r  each sample a f t e r  

two hours. As w i th  ke to ro lac  t h e  same t r e n d  occurs: 

comparat ively low tobramycin l e v e l s  were observed f o r  t h e  

s a l i n e  s o l u t i o n  comparisons, whereas a t h r e e  t o  f o u r  f o l d  

increase i n  tobramycin pene t ra t i on  was seen i n  t h e  ophthalmic 

f ormul a t  i on. 

U n l i k e  ke to ro lac  q u a n t i t a t i o n ,  tobramycin was o n l y  

evaluated i n  t h e  120 min samples due t o  t h e  lower l i m i t  o f  

d e t e c t i o n  f o r  t he  E M I T  assay (1 pg/mL). 

several  samples demonstrated tobramycin values border ing on 

t h a t  lower l i m i t  o f  de tec t i on .  Samples g i v i n g  very low, o r  

near background enzyme a c t i v i t y  a re  repor ted as "not  

detectable" ;  those samples g i v i n g  enzyme a c t i v i t y  c lose  t o  the 

1 . O  pg/mL c a l i b r a t o r  a re  repor ted as 'I< 1 pg/mL". 

Even a t  120 minutes, 

These s tud ies have shown t h a t  tobramycin does n o t  i n t e r f e r e  

w i t h  t h e  pene t ra t i on  o f  ke to ro lac  through r a b b i t  cornea. 

Tobramycin i t s e l f  appears t o  penetrate the  cornea t o  some 

extent .  

edetate disodium leads t o  g rea te r  p e n e t r a t i o n  o f  both ke to ro lac  

and tobramycin. 

The s o l u t i o n  c o n t a i n i n g  benzalkonium c h l o r i d e  and 

REFERENCES 

1. G. Cagle, S. Davis, A. Rosenthal and J .  Smith, Curr .  Ey= 
&, 1 (9 ) ,  523-534 (1982). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CORNEAL PERMEABILITY OF KETOROLAC TROMETHAMINE 1795  

2. 

3 .  

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

D. M e i s l e r .  I n  G. Smolin and M.Okumoto (eds.) ,  
A n t i m i c r o b i a l  Aqents i n  ODhthalmology, Masson P u b l i s h i n g  
USA, Inc. ,  New York, 1983, pp.25-30. 

J.G. Edwards and B.A. Schlech, Curr .  Eye Res., 4 (8 ) ,  
821 -829 ( 1985) . 
R.C.  Fu and D.M. L idgate ,  Development grid- I n d u s t r i a l  
Pharmacy, 12 (14), 2403-2430 (1986). 

N.L. B u r s t e i n  and S.D. Klyee, I n v e s t .  ODhthalm., 16, 899 
(1977). 

K .  Green and A.  Tonjam, Am. J .  ODhthalmol., 72, 897 
(1972). 

V.F. Smolen, e t . a l . ,  J .  Pharm. Sc i . ,  62, 958 (1973). 

K .  Green and S . J .  Downs, I n v e s t .  ODhthalm., 13, 316 
(1974). 

G.M. Grass and J.R. Robinson, J .  Pharm. Sci . ,  77 (l), 
3-14 (1988). 

G.M. Grass and J.R. Robinson, J .  Pharm. Sc i . ,  77 (l), 
15-23 (1 988). 

S. D i k s t e i n  and D.M. Maurice, J. Phys io l . ,  221, 29 
(1972). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


