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INFLUENCE OF CERTAIN ADDITIVES ON 
THE PHOTOSTABILIZING EFFECT OF U R I C  ACID 

FOR SOLUTIONS OF FD&C BLUE NO. 2 

Ahmed F. Asker* and Denise  Y. C o l b e r t  

ABSTRACT 

The i n f l u e n c e  of c e r t a i n  pha rmaceu t i ca l  m a t e r i a l s  

on t h e  p h o t o s t a b i l i z i n g  e f f e c t  of u r i c  a c i d  f o r  s o l u t i o n s  

of FD&C Blue No.2 was i n v e s t i g a t e d .  Uric a c i d  i n  a con- 

c e n t r a t i o n  of 2.5 mg $ was found t o  e x c e r c i s e  its e f f e c t  

a s  a p h o t o p r o t e c t i v e  agen t  i n  p re sence  o.f DL-methionine, 

DL-leucine,  Tween 8 0 ,  l a c t o s e ,  sodium benzoa te  and methyl- 

paraben.  These m a t e r i a l s  were noted  t o  a c c e l e r a t e  t h e  

r a t e  of f a d i n g  of t h e  dye s o l u t i o n s .  On t h e  o t h e r  hand, 

u r i c  a c i d  appeared  t o  be p r a c t i c a l l y  i n e f f e c t i v e  i n  pre-  

s e n c e  of sodium e d e t a t e  and t a r t a r i c  a c i d ,  Uric a c i d  de-  

mons t r a t ed  t h e  g r e a t e s t  p h o t o p r o t e c t i v e  a c t i o n  i n  p re sence  

of sodium benzoa te  o r  methylparaben.  
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760 ASKER AND COLBERT 

I NTRODUCT ION 

I n  a previous r e p o r t  by  Asker and C o l l i e r  (l),  u r i c  

a c i d  was found t o  be an e f f e c t i v e  pho topso tec t ive  agent 

f o r  va r ious  s o l u t i o n s  of FD&C Blue N o . 2 .  The photosta-  

b i l i z i n g  e f f e c t  of u r i c  a c i d  was r e p o r t e d  t o  be in f luen -  

ced by t h e  pH of s o l u t i o n ,  g l y c e r i n  c o n c e n t r a t i o n  and 

b u f f e r  spec ies. 

Seve ra l  r e p o r t s  have been publ ished on t h e  e f f e c t  

of some pharmaceutical  m a t e r i a l s  on t h e  f a d i n g  of FD&C 

Blue N o . 2 .  Kuramoto and h i s  a s s o c i a t e s  1:2), r e p o r t e d  

t h a t  s u g a r s  s u c h  a s  d e x t r o s e ,  l a c t o s e  and s u c r o s e  inc- 

r eased  t h e  r a t e  of f a d i n g  of s o l u t i o n s  01’ FD&C B l u e  N o . 2 ,  

whereas suga r  a l c o h o l s  such as mannitol  rind s o r b i t o l  d id  

no t  apprec i ab ly  a f f e c t  t h e  r a t e  of fadint:. An t iox idan t s  

such a s  hydroquinone, p-hydroxypropiopheaone and hydro- 

quinone monomethyl ether were a l s o  found not  t o  apprecia-  

b l y  r e t a r d  t h e  f a d i n g  due  t o  r educ ing  s u g a r s .  I n  t h e  

case of nord ihydrogua ia re t i c  a c i d ,  however t he  r a t e  of 

f a d i n g  due t o  d e x t r o s e  was s u b s t a n t i a l l y  reduced. The 

a u t h o r s  concluded t h a t  t h e  r a t e  of f a d i n g  of FD&C B l u e  

No .2  appeared t o  be c a t a l y z e d  i n  t h e  presence of r educ ing  

compounds. Brownley and Lachman (3) reported t h a t  FD&C 

B l u e  No.2 was very u n s t a b l e  i n  presence of l a c t o s e ,  spray-  

d r i e d  l a c t o s e  and t h e i r  primary hydro1ys:is products ,  d- 

glucose and d-galactose.  

M e t a l l i c  i o n s  have been r e p o r t e d  t o  c a t a l y z e  t h e  oxi-  

d a t i o n  o r  r educ t ion  of indigo-type c o l o r s  (4-6). 
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INFLUENCE OF ADDITIVES 761 

FD&C Blue No.2 was r e p o r t e d  by S c o t t  e t  a 1 . ( 7 ) ,  t o  be 

most s e n s i t i v e  t o  t h e  a c t i o n  of non ion ic  s u r f a c t a n t s .  

T u r i  and h i s  a s s o c i a t e s  ( 8 ) ,  have r e p o r t e d  t h a t  t h e  w e t t -  

i n g  agen t  po loxa lene  and p o l y e t h y l e n e  g l y c o l  have o n l y  a 

moderate  e f f e c t  on t h e  f a d i n g  r a t e  of s o l u t i o n s  of FD&C 

Blue No.2 P o l y v i n y l p y r r o l  idone ,  a s c o r b i c  a c i d  and Ci t r ic  

a c i d  were a l s o  found by these i n v e s t i g a t o r s  t o  c a u s e  a 

r a p i d  f a d i n g  of t h e  i n d i g o  carmine  s o l u t i o n .  

I t  is a p p a r e n t  f rom t h e  above c i ted  r e f e r e n c e s  t h a t  

t h e  f a d i n g  of FD&C Blue No.2 is r e a d i l y  a f f e c t e d  by a 

number of pha rmaceu t i ca l  a d d i t i v e s  which would be i n c o r -  

p o r a t e d  w i t h  t h e  dye i n  v a r i o u s  pha rmaceu t i ca l  formu- 

l a t i o n s .  T h e r e f o r e ,  s i n c e  u r i c  a c i d  was found i n  a pre-  

v i o u s  r e p o r t  (1) t o  have a s i g n i f i c a n t  p h o t o p r o t e c t i v e  

a c t i o n  on FD&C Blue No.2, i t  appeared  d e s i r a b l e  t o  inves -  

t i g a t e  t h e  p h o t o s t a b i l i z i n g  effect  of u r i c  a c i d  i n  pres- 

ence  of t h e s e  a d d i t i v e s .  The a d d i t i v e s  s e l e c t e d  be long  

t o  v a r i o u s  c l a s s e s  of pha rmaceu t i ca l  a d j u v a n t s  such  a s  

a n t i o x i d a n t s ,  c h e l a t i n g  a g e n t s ,  s u r f a c t a n t s ,  s u g a r s  and 

p r e s e r v a t i v e s .  

EXPERIMENTAL 

M a t e r i a l s :  FD&C Blue No.2 ( i n d i g o  ca rmine ) ,  u r i c  

a c i d ,  g l y c e r i n ,  t a r t a r i c  a c i d ,  sodium e d e t a t e ,  DL-methio- 

n i n e ,  DL-leucine,  l a c t o s e ,  sodium benzoa te ,  methylparaben ,  

Tween 8 0 ,  sodium hydroxide  and monobasic potass ium phos- 

pha te  were o b t a i n e d  f rom commercial  s o u r c e s  i n  r e a g e n t  o r  
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762 ASKER AND COLBERT 

pharmaceutical  grade and were used without  f u r t e r  pu r i f  i- 

c a t i o n .  

Equipment: The fo l lowing  equipment were used: a 

l i g h t  s t a b i l i t y  c a b i n e t  equipped w i t h  an 18-inch 15-watt 

Westinghouse long  wavelength u l t r a v i o l e t  '%lack l i g h t "  

t u b e  e m i t t i n g  most of its r a d i a t i o n s  a t  approximately 

3660 if t o  s e r v e  a s  t h e  l i g h t  source; a Spec t ron ic  20 spec- 

trophotometer ;  Orion d i g i t a l  pH meter. 

Procedure: The t y p i c a l  experimental  procedure was a s  

desc r ibed  p rev ious ly  (1). Absorbance r ead ings  were made 

a t  va r ious  time i n t e r v a l s  on t h e  Spec t ron ic  20 a t  610 nm. 

Because of t h e  poor s o l u b i l i t y  of u:?ic a c i d  i n  wa te r ,  

s o l u t i o n  was made by d i s s o l v i n g  100 m g  of u r i c  a c i d  i n  

400 g of g l y c e r i n  p rev ious ly  heated t o  130 f o r  15 min- 

u t e s .  A magnetic stirrer was used t o  enhance t h e  r a t e  

of s o l u t i o n .  S o l u t i o n s  were made t o  c o n t a i n  2.5 mg $ 

of u r i c  a c i d ,  1 mg % of t h e  d y e  and t h e  fol lowing con- 

c e n t r a t i o n s  of t h e  va r ious  ad juvan t s  used: 0.2 $ o f  

each of s o d i u m  e d e t a t e  and t a r t a r i c  a c i d ,  0.1 $ of each 

of DL-methionine and DL-leucine, 0.1 % of sodium ben- 

z o a t e ,  0.01 $ of methylparaben, 0 .2  % l a c t o s e  and 0 . 5  $ 

w/v of Tween 80. 

0 

I n  c a s e  of s o l u t i o n s  c o n t a i n i n g  methylparaben o r  DL- 

l e u c i n e ,  these materials were first d i s s o l v e d  w i t h  t h e  

a i d  of hea t  i n  p o r t i o n s  of t h e  phosphate b u f f e r .  

S o l u t i o n s  c o n t a i n i n g  no u r i c  a c i d  t o  s e r v e  a s  con- 

t r o l  were made t o  c o n t a i n  t h e  same percentage of g l y -  
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INnUENCE OF ADDITIVES 763 

c e r i n ,  s i n c e  t h e  l a t t e r  was found t o  a f f e c t  t h e  r a t e  of 

f a d i n g  of t h e  dye s o l u t i o n  (1). 

DISCUSSION OF RESULTS 

E f f e c t  of A n t i o x i d a n t s :  

F i g u r e s  1 and 2 i l l u s t r a t e  t h e  e f f e c t s  of DL-meth- 

i o n i n e  and DL-leucine on t h e  pho todegrada t ion  of FD&C 

Blue No. 2 i n  p re sence  and absence  of u r i c  a c i d .  I t  is 

e v i d e n t  f rom bo th  f i g u r e s  t h a t  t h e s e  a n t i o x i d a n t s  acce-  

l e r a t e  t h e  pho todegrada t ion  of t h e  dye s o l u t i o n .  The 

r e s u l t s  a r e  i n  agreement  w i t h  pub l i shed  r e p o r t s  (2,3) 

t h a t  r e d u c i n g  a g e n t s  a c c e l e r a t e d  t h e  f a d i n g  of s o l u t i o n  

of FD&C Blue No.2. U r i c  a c i d  a p p e a r s  t o  demons t r a t e  a 

p h o t o p r o t e c t i v e  a c t i o n  f o r  t h e  dye  s o l u t i o n s  c o n t a i n -  

i n g  t h e s e  a n t i o x i d a n t s .  

E f f e c t  of Tween 80:  

F i g u r e  3 shows t h a t  t h e  a d d i t i o n  of Tween 80 t o  

FD&C Blue No.2 s o l u t i o n  e x t e n s i v e l y  enhances  t h e  photo- 

d e g r a d a t i o n  of t h e  dye.  S c o t t  e t  a l .  ( 7 )  r e p o r t e d  ac- 

c e l e r a t e d  c o l o r  loss of FD&C Blue No.2 i n  p re sence  of 

non ion ic  s u r f a c t a n t s .  Waibel (9) has  r e p o r t e d  t h a t  

e t h o x y l a t e d  non ion ic  s u r f a c t a n t s  e x i s t  i n  s o l u t i o n  a s  

polyoxonium compounds which a c t u a l l y  a r e  n o t  n o n i o n i c ,  

b u t  weakly c a t i o n i c .  H e  s t a t e s  t h a t  t h e s e  p o s i t i v e l y  

charged  i o n s  a r e  c a p a b l e  of r e a c t i n g  w i t h  a n i o n i c  

c o l o r i n g  a g e n t s .  Kowarski (10) has  r e p o r t e d  t h a t  poly- 

s o r b a t e  80 i n c r e a s e s  t h e  r a t e  of f o r m a t i o n  of t h e  s e m i -  
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FIGURE 1. Photos tab i l iz ing  Effec t  of U r i c  Acid for FD&C B l u e  
No. 2 Solut ion Containing DL-Methionine 

o Dye Solut ion without U r i c  Acid 

Dye Solution w i t h  uric Acid 

0 Dye Solut ion Containing DL-Methionhe 

A D y e  Solut ion Containing DL-Methionine and Uric Acid 

quinone r ad ica l .  The incorporat ion of u r i c  ac id  i n  t h e  

dye so lu t ion  conta in ing  Tween 80 r e s u l t e d  i n  a substan- 

t i a l  photoprotection of t h e  dye. 
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INFLUENCE OF ADDITIVES 765 
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FIGURE 2 .  P h o t o s t a b i l i z i n g  E f f e c t  of Uric Acid f o r  FD&C B l u e  
No. 2 S o l u t i o n  C o n t a i n i n g  DL-Leucine 

o D y e  S o l u t i o n  w i t h o u t  U r i c  Acid 

Dye S o l u t i o n  w i t h  Uric Acid 

A Dye S o l u t i o n  C o n t a i n i n g  DL-Leucine 

b D y e  S o l u t i o n  C o n t a i n i n g  DL-Leucine and U r i c  Acid 

E f f e c t  of L a c t o s e :  

The a d d i t i o n  of lac tose  to FD&C Blue No.2 s o l u t i o n  

a p p e a r s  t o  a c c e l e r a t e  t h e  p h o t o d e g r a d a t i o n  of t h e  d y e  a s  

shown i n  F i g u r e  4 .  The r e s u l t s  are i n  agreement  w i t h  
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1 

20 40 60 e0 100 

Exposure Time  (Hours) 

P h o t o s t a b i l i z i n g  Effect of Uric Acid for FD&C Blue 
N o .  2 S o l u t i o n  Containing  Tween 150 

0 Dye S o l u t i o n  without  U r i c  Acid 

Dye S o l u t i o n  w i t h  U r i c  Acid 

A D y e  S o l u t i o n  Containing  Tween 80 

Dye S o l u t i o n  Containing  Tween 80 and Uric Acid 

t h o s e  p r e v i o u s l y  publ i shed (2,3). The i n c o r p o r a t i o n  of 

ur ic  a c i d  appears to  r e t a r d  t h e  photodegradation of t h e  

d y e  s o l u t i o n  i n  presence  of l a c t o s e .  
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INFLUENCE OF ADDITIVES 767 
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FIGURE 4 .  P h o t o s t a b i l i z i n g  E f f e c t  of Uric Acid f o r  FD&C B l u e  
No. 2 S o l u t i o n  Con ta in ing  L a c t o s e  

o D y e  S o l u t i o n  w i t h o u t  U r i c  Acid 

0 D y e  S o l u t i o n  w i t h  U r i c  Acid 

A Dye S o l u t i o n  Con ta in ing  Lac tose  

A D y e  S o l u t i o n  Con ta in ing  Lac tose  and U r i c  Acid 

E f f e c t  of P r e s e r v a t i v e s :  

It  c a n  be s e e n  from F i g u r e s  5 and 6 t h a t  sodium 

benzoa te  and methylparaben  a c c e l e r a t e  t h e  r a t e  of f a d i n g  

of t h e  dye s o l u t i o n .  However, t h e  a d d i t i o n  of u r i c  a c i d  
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. 
20 4 0  60 30 100 

Exposure Tine (Hours', 

Photos tab i l iz ing  Effec t  of u r i c  Acid f o r  FD&C B l u e  
NO. 2 Solution Containing Sodium Benzoate 

o D y e  Solut ion without U r i c  Acid 

8 Dye Solut ion w i t h  U r i c  Acid 

d Dye Solut ion Containing Sodium Benzoate 

A Dye Solut ion Containing Sodium Benzoate and 
Uric Acid 

r e su l t ed  i n  r e t a rda t ion  of t h e  r a t e  of fading. It ap- 

pears a l s o  t h a t  sodium benzoate o r  methylparaben i n  

presence of u r i c  ac id  demonstrated t h e  g r e a t e s t  photo- 
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FIGURE 6. P h o t o s t a b i l i z i n g  E f f e c t  of Uric A c i d  f o r  FD&C B l u e  
No. 2 S o l u t i o n  C o n t a i n i n g  M e t h y l p a r a b e n  

o Dye S o l u t i o n  w i t h o u t  U r i c  Acid 

0 Dye S o l u t i o n  w i t h  Uric Acid 

A Dye S o l u t i o n  C o n t a i n i n g  M e t h y l p a r a b e n  

b Dye S o l u t i o n  C o n t a i n i n g  M e t h y l p a r a b e n  a n d  Uric 
AC i d  

p r o t e c t i v e  a c t i o n  when compared w i t h  t h e  results ob- 

t a i n e d  w i t h  t h e  o t h e r  p h a r m a c e u t i c a l  a d j u v a n t s  used  i n  

t h i s  s t u d y .  
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FIGURE 7 .  P h o t o s t a b i l i z i n g  E f f e c t  of U r i c  Acid f o r  FD&C B l u e  
No. 2 S o l u t i o n  Containing Sodium Ede ta t e  

o D y e  S o l u t i o n  without  U r i c  A c i d  

D y e  s o l u t i o n  wi th  U r i c  Acid 

4 Dye S o l u t i o n  Containing Sodium Ede ta t e  

A D y e  S o l u t i o n  Containing Sodium E d e t a t e  and 
U r i c  Acid 

E f f e c t  of C h e l a t i n g  Agents: 

F igu re  7 shows t h a t  disodium e d e t a t e  s u b s t a n t i a l l y  

enhanced t h e  photodegradat ion of t h e  dye s o l u t i o n  and 

t h a t  d e s t a b i l i z a t i o n  of t h e  dye was a l s o  o p e r a t i v e  t o  a 

very s l i g h t l y  g r e a t e r  extent  i n  presence of u r i c  ac id .  
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Disodium e d e t a t e  has  been  r e p o r t e d  t o  preven t  d i s -  

c o l o r a t i o n  of many p h a r m a c e u t i c a l s  (11-17). However, 

Hodges and Walton (18) r e p o r t e d  t h a t  t h e  a d d i t i o n  of 

d i sodium e d e t a t e  was d e t r i m e n t a l  t o  neomycin s o l u t i o n s  

s t o r e d  a t  30. Ethylenediaminetetraacetic a c i d  o r  its 

disodium s a l t  were a l s o  found t o  i n c r e a s e  t h e  deg ra -  

d a t i o n  r a t e  of e p i n e p h r i n e  (19 ) ,  physos t igmine  (20) 

and i s o p r o t e r e n o l  (21) .  O s t e r  and Wotherspoon (22) 

have found t h a t  methylene b l u e  i n  p re sence  of EDTA is 

reduced  t o  t h e  l e u c o  dye on i r r a d i a t i o n  w i t h  r e d  l i g h t .  

EDTA has  been  r e p o r t e d  t o  be consumed i n  t h e  r e a c t i o n ,  

s u g g e s t i n g  t h a t  i t  is o x i d i z e d ,  a l t h o u g h  it  doe n o t  

normal ly  f u n c t i o n  a s  a r e d u c i n g  agen t .  S t r a u s  and 

Nickerson  (23) r e p o r t e d  promotion of photodegrada t  i o n  

of a i r - f r e e  r i b o f l a v i n e  s o l u t i o n  i n  p re sence  of EDTA. 

The r e a c t i o n  was a t t r i b u t e d  t o  EDTA a c t i n g  a s  an ac-  

c e p t o r  f o r  t h e  oxygen moie ty  d e r i v e d  from t h e  photo- 

chemica l  c l e a v a g e  of wa te r .  The decomposi t ion  of FD& 

C Blue No.2 has  been r e p o r t e d  by Brownley and Lachman 

(3) and Kuramoto e t  a l .  (2) t o  proceed by r e d u c t i o n  t o  

a semiquinone fo l lowed  by o x i d a t i o n .  It  a p p e a r s ,  t h e r e -  

f o r e  t h a t  EDTA a c c e l e r a t e s  t h e  r a t e  of f a d i n g  of FD&C 

Blue No.2 t h rough  a c t i n g  a s  an  e l e c t r o n  donor  i n  t h e  

pho todegrada t ion  mechanism and t h a t  s u c h  a c t i o n  is 

o n l y  s l i g h t l y  a f f e c t e d  by t h e  p re sence  of u r i c  a c i d .  

0 

I n  F i g u r e  8, t a r t a r i c  a c i d  is no ted  t o  enhance 

t h e  pho todegrada t ion  of t h e  dye s o l u t i o n .  T u r i  e t  a l .  
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FIGURE 8 .  P h o t o s t a b i l i z i n g  E f f e c t  of U r i c  Acid f o r  FD&C B l u e  
No. 2 S o l u t i o n  Containing T a r t a r i c  Acid 

o D y e  S o l u t i o n  wi thou t  u r i c  Acid 

0 Dye S o l u t i o n  w i t h  U r i c  Acid 

LI Dye S o l u t i o n  Containing T a r t a r i c  Acid 

A D y e  Solu t ion  Containing T a r t a r i c  Acid and Uric 
A c  i d  

( 8 )  found t h a t  c i t r i c  a c i d  caused a r a p i , i  f a d i n g  of 

t h e  i n d i g o  carmine s o l u t i o n .  The a c c e l e r a t i o n  of 

f a d i n g  of FDW Blue No.2 by s u c h  hydroxy a c i d s  may be 
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a t t r i b u t e d  OH-groups a c t i n g  a s  e lec t ron  donor i n  t h e  

degradat ion mechanism of t h e  dye. The presence of 

u r i c  ac id  appears t o  have p r a c t i c a l l y  l i t t l e  o r  no 

e f f e c t  on s t a b i l i z i n g  t h e  dye s o l u t i o n  conta in ing  t a r -  

acid.  
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