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ABSTRACT 

Ketorolac tromethamine. a py r ro lopy r ro le ,  i s  a nonstero ida l  

an t i - i n f l amna to ry  drug under development as a t o p i c a l  agent f o r  t r e a t i n g  

o c u l a r  d isorders associated wi th  i n f l a m t i o n .  Thimerosal i s  a comnonly-used 

a n t i m i c r o b i a l  preservat ive i n  ophthalmic so lu t i ons .  This r e p o r t  descr ibes 

b o t h  s t a b i l i t y - s p e c i f i c  (HPLC) and non-specif ic ( c o l o r i m e t r i c )  methodology f o r  

determining thimerosal s t a b i l i t y  i n  ketoro lac ophthalmic so lu t i on .  

The HPLC technique used a reverse-phase Whatman RAC I1 (C8) column 

( 5  micron p a r t i c l e  size, 10 cm X 4.6 mn I.D.) w i t h  a 30:67:3 by volume mixture 

o f  methano1:lOmM acetate b u f f e r  (pH 4.5) and te t rahyd ro fu ran  as t h e  mobi le  

phase. Detection was a t  254 nm. 

Thimerosal peak p u r i t y ,  I n  the rma l l y  s t ressed ke to ro lac  ophthalmic 

s o l u t i o n  i s  confirmed us ing absorbance r a t i o  techniques. Accuracy and 

l i n e a r i t y  data are presented. 

I n  a d d i t i o n ,  a c o l o r i m e t r i c  (d i t h i zone)  technique f o r  q u a n t i f y i n g  t o t a l  

organic  mercury i n  s o l u t i o n  i s  described. Both t h e  HPLC and c o l o r i m e t r i c  
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FLEITMAN, PARTRIDGE, AND NEU 5 20 

techniques were used t o  evaluate th imerosol  stab1 l i t y  i n  ketoro lac ophthalmic 

s o l u t i o n  samples exposed t o  both thermal and photochemical stress. 

ind ica ted  t h a t  a s t a b i l i t y  s p e c i f i c  HPLC technique does not r e f l e c t  accurate ly  

t h e  t o t a l  mercury content i n  ophthalmic s o l u t i o n .  

than thimerosal, may cont r ibu te  t o  t h e  a n t i m i c r o b i a l  e f f i c a c y  o f  thimerosal i n  

ophthalmic so lut ions.  

Results 

Mercury, i n  o ther  forms 

Keywords: Thimerosal (Thiomersal); high-performance l i q u i d  chroma- 

tography; d i th izone;  s tab i  l i t y ;  organomercury. 

INTRODUCTION 

Ketorolac tromethamine ((+)-5-(benzoyl)-3H-ls2-dlhydropyrrolo-[l,2a]- 

pyr ro le -1  -carboxyl i c acid, 2-am1 no-2-( hydroxymethyl ) -1,3-propanedi o l  s a l t )  is a 

nonstero ida l  ant i - in f lamnatory drug under development as a t o p i c a l  agent f o r  

ocu la r  disorders associated w l t h  i n f l a m t i o n .  It has been formulated i n t o  an 

i s o t o n i c  ophthalmic so lu t ion  and preserved w i t h  thimerosal (sodium 

ethylmercurithiosalicylate) , an a n t i m i c r o b i a l  agent comnonly used i n  

ophthalmic formulations. 

The l i t e r a t u r e  repor ts  various a n a l y t i c a l  procedures f o r  quant i f y ing  

th imerosal ,  inc lud ing:  polarography [1,2]. atomic absorption 131, co lo r imet ry  

[4,5,6], and HPLC w l t h  UV [7,8.9] and e lect rochemical  [ l o ]  detection. Only 

t h e  HPLC techniques o f f e r  s t a b i l i t y  s p e c i f i c i t y  w i t h  respect t o  thimerosal and 

i t s  degradation products. Add i t iona l l y ,  two o f  t h e  reported HPLC procedures 

e i t h e r  featured poor peak shape 181 o r  proved d i f f i c u l t  t o  reproduce 191 i n  

our  laboratory. 

q u a n t i t a t i o n  i n  t h e  presence o f  p o t e n t i a l l y  I n t e r f e r i n g  drug substances. 

None o f  the above techniques demonstrated thimerosal 

This paper describes a s t a b i l i t y  s p e c i f l c  HPLC procedure t o r  determining 

thimerosal s t a b i l i t y  i n  ketoro lac tromethamine ophthalmic so lu t lon .  

Thimerosal peak p u r i t y  i n  thermal ly  stressed samples was confirmed using 

wavelength scanning techniques. 

procedure. using d i t h i z o n e  t o  complex mercury, is a l s o  described. 

For comparlson. a non-speci f ic  c o l o r i m e t r i c  

Analysis o f  both thermal ly  and photochemically stressed ketoro lac 

ophthalmic so lu t ion  samples ind ica ted  t h a t  the  non-specif ic c o l o r i m e t r t c  
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THIMEROSAL STABILITY IN KETOROLAC OPHTHALMIC SOLUTION 

technique might more accu ra te l y  r e f l e c t  t he  p rese rva t i ve  e f f i c a c y  o f  

thimerosal. 

521 

EXPERIMENTAL 

Chemicals and Reagents 

Dithizone, sodium ace ta te  and g l a c i a l  ace t i c  a c i d  were A n a l y t i c a l  Reagent 

grade and obtained from Ha l l i nck rod t .  Inc. (Paris, KY. USA). HPLC grade 

methanol was a l s o  obtained from Ha l l i nck rod t .  HPLC grade methylene c h l o r i d e  

was obtained from Burdick and Jackson (Huskegon, HI, USA). Thlmerosal 

re ference standard was obtained from the  USP (Rockv i l le .  HD. USA). 

T h i o s a l i c y l i c  a c i d  (Zmercaptobenzoic ac id)  and 2 , 2 ' - d i t h i o s a l i c y l i c  a c i d  

(2,2'-dithiobenzoic ac id )  were obtained from A l d r i c h  Chemical Company 

(Uilwaukee. W I .  USA). Ketoro lac tromethamine ophthalmic s o l u t i o n  was supplied 

by  Syntex Research (Palo A l to ,  CA, USA). Chromatographic q u a l i t y  water 

obtained from a Barnstead Nanopure water p u r i f i c a t i o n  system ( M i l l i p o r e  Corp., 

Boston, HA, USA) was used a t  a l l  t imes. 

HPLC Procedure 

(1)  Chromatographic condi t ions.  The system components inc luded a 

high-pressure pump (ConstaHetric, Model 116, Laboratory Data Control,  R i v i e r a  

Beach, FL, USA). an automatic sample i n j e c t o r  (WISP model 7108. Waters ASSOC., 

H i  lbourn, HA, USA), a va r iab le  wavelength d e t e c t o r  (Model ??OR, Kratos 

A n a l y t i c a l  Instruments, Westwood, NJ, USA), and a computing i n t e g r a t o r  (Model 

SP4100, Spectra-Physics, San Jose, CA, USA). 

8 
The a n a l y t i c a l  column (100 x 4.6 mn 1.d.) was packed w i t h  5 vm C 

P a r t i s i l  (Rac 11, Whatman, Inc., C l i f t o n ,  NJ, USA). A 3 cm replaceable guard 

c a r t r i d g e  (RP-8 Spheri-5. Brownlee Labs, Santa Clara, CA, USA) was used a t  a l l  

t imes. 

t e t rahyd ro fu ran  (30:67:3 v/v) was f i l t e r e d  and de-aerated. The f l o w  r a t e  was 

maintained a t  1.5 mL/min and th imerosal  was q u a n t i f i e d  a t  254 nm. 

Mobile phase cons is t i ng  o f  methano1:lO M acetate b u f f e r  (pH 4.5): 

(ii) Standard so lut ions.  Approximately 20 mg. 25 mg and 30 mg o f  

th imerosal  were weighed i n t o  th ree  separate 100 mL volumetric f l a s k s  and 
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5 22 FLEITMAN, PARTRIDGE, AND NEU 

d i l u t e d  t o  volume w i t h  water. 

s o l u t i o n  was then p ipe t ted  i n t o  separate 100 mL volumetr ic  f l asks  and d i l u t e d  

t o  volume w i t h  water. 

A 5.0 mL a l i q u o t  o f  each standard stock 

(ill) Sample preparat ion and assay. A 5.0 mL a l i q u o t  o f  ke to ro lac  

tromethamine ophthalmic s o l u t l o n  was p i p e t t e d  i n t o  a 10 mL volumetric f l a s k  

and d i l u t e d  t o  volume w i t h  water. The samples were q u a n t i f i e d  by i n j e c t i n g  

50 pL o f  each sample and standard s o l u t i o n  ( i i )  i n t o  the  HPLC. 

( i v )  Peak spec t ra l  p u r i t y  experiments. Spect ra l  p u r i t y  o f  th imerosal  

chromatographic peaks i n  the rma l l y  stressed samples were confirmed us ing a 

l i n e a r  diode a r ray  spectrophotometric HPLC de tec to r  (Model 1040A. 

Hewlett-Packard, Palo Al to ,  CA, USA). 

D i  t h i  zone Procedure 

(i) Standard preparation. Approximately 25 rng o f  thimerosal was 

accu ra te l y  weighed i n t o  a 100 mC volumetr ic  f l a s k  and d i l u t e d  t o  volume w i t h  

water. C a l i b r a t i o n  standard s o l u t i o n s  were obtained by p i p e t t i n g  8.0 mL, 

10 mL, and 12 mL a l l quo ts  of  t h e  stock s o l u t i o n  i n t o  separate 100 mL 

volumetr ic  f l asks  and d i l u t i n g  t o  volume w i t h  water. 

(ii) Reference blank preparat ion.  Approximately 4 0  mL o f  methylene 

ch lo r i de ,  20 mL of 0.33 H acetate b u f f e r  (pH 4.5)  and 2 mL o f  ophthalmic 

placebo s o l u t i o n  (ketoro lac tromethamine ophthalmlc s o l u t i o n  w i thou t  

th imerosal )  were p ipe t ted  i n t o  a 125 mL separating funnel  and shaken f o r  

2 min. 

t r a n s f e r r e d  i n t o  a 50 mL t e s t  tube and capped. 

spectrophotometer reference c e l l .  

The phases were  al lowed t o  separate and the  organic phase was 

This s o l u t i o n  was used i n  the  

(iii) Sample preparation and assay. Approximately 20 mg o f  d i t h i zone  was 

accu ra te l y  weighed i n t o  a 100 mL vo lumetr ic  f l a s k  and d i l u t e d  t o  volume w i t h  

methylene ch lor ide.  

500 mL volumetric f l ask  and d i l u t e d  t o  volume w i t h  methylene ch lo r i de .  

4 0  mL a l i q u o t  o f  the r e s u l t a n t  d i t h i t o n e  so lu t i on ,  20 mL o f  0.33 M acetate 

b u f f e r  (pH 4 . 5 ) .  and 2 mL ketoro lac tromethamine ophthalmic s o l u t i o n  were 

added t o  a 125 mL separatory funnel. 

A 5 mL a l i q u o t  o f  t h i s  s o l u t i o n  was p i p e t t e d  i n t o  a 

A 

Three standard s o l u t i o n s  were s i m i l a r l y  
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THIMEROSAL STABILITY IN KETOROLAC OPHTHALMIC SOLUTION 523 

1 

r 1 I 1 

0 10 20 30 

Time (min) 

FIGURE 1 

C h r o m a t o g r a m  of USP t h i m e r o s o l  r e f e r e n c e  s t a n d a r d  in 
w a t e r :  (1) t h i m e r o s o l ;  ( 2 )  2 , 2 1 - d i t h i o s a l i c y l i c  a c i d .  

prepared by p i p e t t i n g  2 mL o f  each standard s o l u t i o n  prepared above (i) 

( i n s t e a d  o f  ophthalmic s o l u t i o n )  i n t o  t h r e e  separating funnels. A 2 rnL 

a l i q u o t  o f  ophthalmic s o l u t i o n  placebo was a l so  added t o  t h e  standard 

separa t i ng  funnels. Both "sample" and ''standard" separat ing funnels  were 

shaken f o r  2 min. A f t e r  t he  phases separated, t he  organic l a y e r  was 

t r a n s f e r r e d  i n t o  a t e s t  tube, which was then capped. The absorbance o f  each 

sample and standard s o l u t i o n  was measured versus the  reference blank (ii) a t  

605 nm. 
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2 

FLEITMAN, PARTRIDGE, AND NEU 

0 10 20 30 

Time (rnin) 

FIGURE 2 

Chromatogram of ketorolac tromethamine ophthalmic 
solution: (1) thimerosol; (2) ketorolac tromethamine; (3) 
foreign related substance of ketorolac tromethamine. 

RESULTS AND DISCUSSION 

Previous authors reported that in isotonic solution, thimerosal hydrolyzes 

primarily to ethylmercury chloride. thiosalicylic acid and 2,2'-dithio- 

salicylic acid l7.111. Figure 1 shows a chromatogram o f  a USP standard 

thimerosal solutlon. 

acid. Thiosalicylic acid eluted in the solvent front. Ethylmercury chloride 

was not detectable at 254 nm. 

ketorolac tromethamine ophthalmic solution sample demonstrating that ketorolac 

No interference was noted with 2.2'-dithiosalicylic 

Figure 2 illustrates a chromatogram of a 
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2 

I 1 I 1 

0 10 20 30 

Time (min) 

FIGURE 3 

Chromatogram of ophthalmic solution thimerosol placebo 
demonstrating no interference at thimerosol retention time. 
Key same as Figure 2. 

tromethamine (0.5% w/v) d i d  n o t  I n t e r f e r e  w i t h  th imerosal  (0.0025% w/v). 

HPLC method f o r  th imerosal  was both accurate and l i n e a r .  A l i n e a r i t y  p l o t ,  

showing m i l l i g rams  th imerosal  added (sp iked placebo) versus m i l l i g rams  

thimerosal found, gave a slope o f  0.9833 and an i n t e r c e p t  o f  1.5 5 2.8. 

c o r r e l a t i o n  c o e f f i c i e n t  was 0.99886 (Pc0.05). 

thimerosal) and the rma l l y  degraded placebo (maintained 1 mo a t  8O'C) 

(F igure 4)  chromatograms confirmed no in ter ferences a t  t he  thimerosal 

r e t e n t i o n  t ime . 

The 

The 

Placebo (F igure 3 )  (no 
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3 
2 

0 10 20 30 

Time (min) 

FIGURE 4 

C h r o m a t o g r a m  o f  t h e r m a l l y  d e g r a d e d  (1 mo a t  BO°C)  
t h i m e r o s o l  p l a c e b o  d e m o n s t r a t i n g  n o  i n t e r f e r e n c e  a t  t h i m e r o a o l  
r e t e n t i o n  t i m e .  K e y  same a 6  F i g u r e  2. 

Method s p e c i f i c i t y  was f u r t h e r  confirmed by determin ing the  spec t ra l  

p u r i t y  o f  the th imerosal  peak i n  a the rma l l y  s t ressed ketoro lac s o l u t i o n  

sample. Figure 5 shows a chromatogram o f  ke to ro lac  tromethamine ophthalmic 

s o l u t j o n  maintained f o r  1 mo a t  80°C (53% thtmerosal remalnlng). 

overlays o f  the beginning, apex, and t a i l  end o f  t h e  th imerosal  peak (F igu re  

6) were superimposable. demonstrating t h a t  there were no in ter ferences from 

ketoro lac tromethami ne. 

Spect ra l  
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2 3 

1 I 

0 10 20 30 

l ime  (min) 

FIGURE 5 

Chromatogram of thermally degraded (1 mo at 80°C) 
ophthalmic solution sample demonstrating 53% thimerosol 
remaining. Key same as Figure 2. 

The d i th i zone  procedure q u a n t i f i e d  t o t a l  mercury i n  so lu t i on .  Method 

l i n e a r i t y  i s  shown i n  F igure 7. This c a l i b r a t i o n  curve exh ib i t ed  e x c e l l e n t  

l i n e a r i t y  i n  t h e  range tes ted  w i t h  slope o f  -0.00454, i n t e r c e p t  0.303,  a 

c o r r e l a t i o n  c o e f f i c i e n t  0.99565. 

Ketorolac ophthalmic s o l u t i o n  samples packaged i n  var ious low-densi ty  

polyethylene (LOPE) and polypropylene b o t t l e s  were the rma l l y  s t ressed ( 4 O O C ) .  

A f t e r  3.5 mo, t he  thermal ly  s t ressed samples were quan t i t a ted  by t h e  HPLC and 

d i th i zone  procedures. 
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FLEITMAN, PARTRIDGE, AND NEU 

200.0 250.0 300.0 350.0 

Wavelength (nm) 

FIGURE 6 

Spectral overlay plot of thermally degraded thimerosol peak 
shown in Figure 5. No interference from ketorolac tromethamine 
(- - - ) noted at beginning ( ) ,  apex (. . .)  and tail 
(- - ) of thimerosol peak. 

+ 
Omi6 t 
0.14 I I I I 

5 15 25 35 

Micrograms Added, Thimerosal 

FIGURE 7 

Plot demonstrating linearity of dithizone procedure for 
thimerosol quantitation. 
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THIMEROSAL STABILITY IN KETOROLAC OPHTHALMIC SOLUTION 529 

Table 1 

Thimerosal S t a b i l i t y  i n  Various Low Density Polyethylene (LDPE) 
and Polypropylene B o t t l e s  

Temp. % Thimerosal Remainlng a t  Time. no. 
B o t t l e a  *C I n i t i a i b  3.5b 3 . s  

A 40 
25 

8 40 
25 

C 40 
25 

D 40 
25 

E 40 
25 

F 40 
25 

27 , 28 
101,103 41.48 

31.36 
101,103 46.49 

23.31 
101,103 41.44 

27.31 
101,103 41.41 

26.31 
101,103 41.41 

37.38 
101,103 40.41 

56.56 
86.86 

84.88 
104.109 

64.68 
91.95 

68.68 
91,95 

64.68 
95.95 

76.80 
100,104 

a B o t t l e  8 is polypropylene, o the rs  a re  LDPE. 
~ H P L C  quan t i t a t i on .  
CColorimetr ic q u a n t i t a t i o n  (d i t h i zone) .  

Table 1 shows t h a t  a l l  samples quan t i t a ted  by the  HPLC technique 

demonstrated g rea te r  than 70% th imerosal  degradation a f t e r  3.5 mo a t  4OOC. 

S i m i l a r  low thimerosal values were found i n  samples maintained 3.5 mo a t  room 

temperature. A l te rna te l y ,  i d e n t i c a l  samples quan t i t a ted  us ing t h e  

non-speci f ic  d i t h i zone  technique demonstrated h ighe r  th imerosal  values. 

Therefore, based on the  d i th i zone  q u a n t l t a t i o n  resu l t s ,  It may be more 

approp r ia te  t o  c o r r e l a t e  t h e  non-specif ic c o l o r i m e t r i c  procedure r a t h e r  than a 

s t a b i l i t y - s p e c i f i c  HPLC procedure w i t h  t h e  a n t i m i c r o b i a l  a c t i v i t y  o f  

th imerosal .  This is supported by observations t h a t  degraded thimerosal 

s o l u t i o n s  may demonstrate more e f f e c t i v e  a n t i m i c r o b i a l  p roper t i es  than 

non-degraded thimerosal [121. 
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